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ABSTRACT
C a p ro c k  o v e r ly in g  Gulf C o a s t  s a l t  d o m es  is  an  i r r e g u l a r  
c o m p lex  of r o c k s ;  often  c o m p o sed  of a n h y d r i te ,  c a lc i te ,  gy psum  and 
o c c a s io n a l ly  c e le s t i t e .  O v er  h a lf  o f the  p ro v e d  d o m es  in  th e  Gulf 
C o as t  a r e a  a r e  known to  have  c a p ro c k ,  w ith  th e  m a n t le  m o r e  l ik e ly  to 
o c c u r  and  to  be th ic k e s t  o v e r  th e  sha llo w  s t r u c tu r e s .
A  study  of c a p ro c k  f r o m  39 s a l t  d o m es  in d ic a te s  l a r g e  l itho lo g ic  
v a r i a t io n s  a s  w e ll  as  v a r i a n c e s  in  i t s  c h e m ic a l  co m p o s it io n .  P re v io u s  
t h e o r i e s  of o r ig in  cannot s a t i s f a c to r i l y  accoun t fo r  th e s e  v a r ia t io n s  in 
c a p ro c k  and  i t s  r e la t io n s h ip  to  th e  su r ro u n d in g  e n v iro n m e n t .  T he  
p re v io u s  t h e o r i e s  a r e :  (1) r e s id u a l  a c c u m u la t io n  and se c o n d a ry  
a l t e r a t io n  and  (2) p r e c ip i ta t io n  in  p la c e .
N e i th e r  of th e  two t h e o r i e s  can  acco u n t  fo r  a l l  the  known 
f e a tu r e s  of c a p ro c k :  G re a t  th ic k n e s s e s  of a n h y d r i te  c a p ro c k  m e a n s  
th a t  a  t r e m e n d o u s  th ic k n e s s  of sa l t  would have had  to  be d is so lv e d  
in  o r d e r  to  a c c u m u la te  th ic k  r e s id u e s .  M in e r a l s  not found in  the  
s a l t ' s  l e s s  so lu b le  r e s id u e  a r e  con ta in ed  in  c a p ro c k ,  and t h e i r  
p r e s e n c e  cann o t a lw ays  be e x p la in ed  by  s e c o n d a ry  a l t e r a t io n .  It i s  
d iff icu lt  to  a cco u n t  fo r  th e  l a r g e  c h e m ic a l  d i f f e re n c e s  be tw een  th e  
s a l t  a n h y d r i te  and  c a p ro c k  a n h y d r i te  by  th e  r e s id u a l  a cc u m u la t io n  
th e o ry .  P r e c ip i ta t io n  a lon e  of a n h y d r i te  can  r e s u l t  in  a th ic k  
c a p ro c k ,  but th i s  p r o c e s s  can no t accoun t fo r  the  m in o r  m in e r a l s  
in c lu d ed  in  th e  c a p ro c k  w h ich  a r e  so  s i m i l a r  to  th o s e  in  the  sa l t .
XV
Since  neith< of th e  p re v io u s  t h e o r i e s  a lone  can  s a t i s f a c to r i l y  
acco u n t fo r  a l l  th e  known c a p ro c k  f e a t u r e s ,  i t  i s  p ro p o s e d  h e r e  th a t  
i t s  o r ig in  m a y  be  ex p la in ed  by a c o m b in a t io n  of th e  two th e o r i e s ,  w ith  
d i r e c t  p r e c ip i ta t io n  accoun ting  fo r  th e  bu lk  of th e  c a p ro c k  o v e r ly in g  
th e  sh a llo w  s a l t  d o m e s  of th e  G ulf C o a s t  re g io n .  The v a r i a b i l i ty  
of c a p ro c k  be tw een  d o m e s  and on any  one in d iv id u a l  dom e w ould  
r e s u l t  f r o m  lo c a l  c o n tro ls  and  c o n d it io n s :  S t r u c tu r e  would p a r t i a l l y  
c o n tro l  flu id  m o v e m e n t ,  a long w ith  p e r m e a b i l i ty  and  o s m o t ic a l ly  
d e r iv e d  p r e s s u r e s  in th e  su r ro u n d in g  s e d im e n ts .  T h e  c o m p o s it io n  
of th e  a s s o c ia t e d  b r in e s  w ould  l im i t  the  type  of m in e r a l s  p r e c ip i ta te d ,  
and  th e  g e o c h e m ic a l  e n v iro n m e n t  w ould  d ic ta te  th e  ty p e s  of m in e r a l s  
w h ich  p r e c ip i t a te .
INTRODUCTION
G e n e ra l  S ta te m en t
C a p ro c k  is  an i r r e g u l a r  co m p lex  of ro c k ,  p re d o m in a n t ly  
a n h y d r i te ,  w h ich  is  p r e s e n t  on th e  top , and o c c a s io n a l ly  on the  s id e s ,  
of m an y  sa l t  d o m es  in the  Gulf C o a s t  a r e a .  Of the  329 p ro v ed  d o m es ,  
181 a r e  known to  have  c a p ro c k  (Hawkins and J i r i k ,  1966). Both the  
sha llow  and deep  se a te d  d om es a r e  known to have  th is  m a n t le ,  bu t it  
is  m o r e  l ik e ly  to o c c u r  and to be the  th ic k e s t  o v e r  the sha llow  s t r u c tu r e  
T h ic k n e s s  of c a p ro c k  m ay  v a ry  f ro m  l e s s  than  10 to  m o r e  than  1, 500 
fee t .
A re g io n a l  study  of b o re h o le  d a ta  f ro m  39 s a l t  d o m es  has  
in d ic a te d  l a r g e  v a r ia t io n s  in  th e  c h a r a c t e r  of c a p ro c k  f ro m  dom e to 
dom e a s  w e ll  a s  on any  s ing le  d om e. T h e s e  d a ta  w e re  u s e d  to define  
l i th o lo g ic  v a r ia n c e s  of c a p ro c k  and  to  d e te r m in e  if  any  q u a li ta t iv e  
a n d / o r  q u a n ti ta t iv e  r e la t io n s h ip s  e x is t  b e tw een  c a p ro c k  and i ts  
su r ro u n d in g  e n v iro n m e n t .
G e o c h e m ic a l  a n a ly t ic a l  m e th o d s  w e r e  d e v ise d  and em p lo y ed  to  
a id  in th e  u n d e rs ta n d in g  of c a p ro c k  g e n e s is .  T h e s e  in c lude  m a jo r  
and  t r a c e  e le m e n t  a n a ly s e s  of c a p ro c k  and  th e  s a l t s '  l e s s  so lub le  
r e s id u e  m a t e r i a l ,  s im u la t io n  of c a p ro c k  g ro w th  and d ia g e n e s is  in 
c o n tro l le d  l a b o r a to r y  e x p e r im e n ts  and so lu b il i ty  e x p e r im e n ts  on the  
s a l t - r e s i d u e  m in e r a l s .  C ap rock  and s a l t - r e s i d u e  m in e r a l s  have  b een  
c h a r a c t e r i z e d  by u se  of th in  s e c t io n s ,  th e  t r a n s m i s s io n  e le c t ro n  
m ic r o s c o p e  and  a scanning  e le c t ro n  m ic r o s c o p e .
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I r r e g u l a r  zones  of in d u ra te d  s e d im e n ts ,  co m m o n ly  r e f e r r e d  to 
a s  " fa ls e  c a p ro c k ' '  o c cu r  e r r a t i c a l l y  above and a d ja c e n t  to  the t ru e  
cap ro ck  of sa l t  d o m es .  T hese  zo nes  a r e  c e m e n te d  by v a r io u s  au th ig en ic  
m in e r a l s  w hich w e re  d e r iv e d  f r o m  the t r u e  c a p ro c k  and  sa l t  an d  then 
t r a n s p o r te d  tc  su r ro u n d in g  s e d im e n ta ry  e n v iro n m e n ts  w hich  fa v o re d  
th e i r  p re c ip i ta r io n .  Ar. in v es tig a t io n  of the f a l s e  c a p ro c k  h a s  been  
m o s t  he lp fu l in u n d e rs tan d in g  the  g e n e s is  of the  t r u e  c ap ro ck .
Due tc  the  la rg e  am ount of da ta  and  to avo id  co n s tan t  re p e t i t io n ,  
the  p a p e r  is  d iv ided  in to  two se c t io n s .  The f i r s t  s e c t io n  p r e s e n t s  the 
data and  is  l a rg e ly  d e s c r ip t iv e  of the  n a tu re  of c a p ro c k  and  i ts  a s s o c ia t e d  
e n v iro n m e n t .  In te rp re ta t io n s  and  p o s tu la te d  th e o r i e s  of o r ig in  b a sed  
on th e s e  d a ta  a r e  th en  s ta te d  c le a r ly  in the  seco nd  s e c t io n .
P u rp o s e  of Inves tig a tion
A cco rd in g  to c u r r e n t  c o n cep ts ,  c a p ro c k  is  b e l ie v e d  to  have  
fo rm e d  f r o m  the  a c c u m u la t io n  of a n h y d r i te  a s  h a l i te  i s  d i s s o lv e d  f ro m  
the  u p p e rm o s t  p a r t  of the dom e by c irc u la t in g  w a te r s .  Som e a n h y d r i te  
m ay  su b seq u e n tly  a l t e r  to gyp sum , c a lc i te ,  su lp h u r  and  o th e r  m in e r a l s .  
T h is  p o s tu la te d  sequ en ce  of e v e n ts  c o n s id e re d  e s s e n t i a l  in c a p ro c k  
developm en t is  b a se d  or. the r a th e r  l im i te d  in fo rm a t io n  tha t w as  
a v a i la b le  du rin g  the  e a r ly  in v e s t ig a t io n s  and  h a s  not been  e x p e r im e n ta l ly  
t e s te d  except fo r  the s u lp h u r - i s o to p e  in v e s t ig a t io n  by F e e ly  and Kulp 
(1957).
The g c a l  of th is  in v e s t ig a t io n  w as to  deve lop  a  m o r e  thorough
3
u n d e rs ta n d in g  of the  o r ig in  of c a p ro c k  and i ts  r e la t io n s h ip  to th e  do m al 
s a l t ,  th e  su r ro u n d in g  se d im e n ts  and th e i r  con ta in ed  f lu id s .  In o r d e r  
to  a t ta in  th is  goal a c o m p re h e n s iv e  s tudy  of a l l  a s p e c t s  of the  n a tu re  of 
c a p ro c k  and i ts  su r ro u n d in g  e n v iro n m en t  had to be c o n s id e re d .  In th is  
t h e s i s  the  m in e ra lo g y  of th e  s a l t  dom e is  d i s c u s s e d  f i r s t .  T he  g e n e ra l  
f e a tu r e s  of the  c ap ro ck , bo th  in te r n a l  and e x te rn a l ,  a r e  th en  d e s c r ib e d  
in  d e ta i l .  T h is  d e sc r ip t io n  is  fo llow ed by a m in e ra lo g y  and g e o ­
c h e m is t r y  se c t io n  in w hich  each  m a jo r  c a p ro c k  m in e ra l  is  c o n s id e re d  
by  i t s e l f  a s  w e ll  a s  th e  in te r r e l a t io n s h ip s  be tw een  th e  m in e r a l s .  Next, 
th e  g e o c h e m ic a l  e n v iro n m e n t ,  includ ing  th a t  of the  c a p ro c k  and c i r c u m ­
ja c e n t  s e d im e n ts ,  is  d i s c u s s e d  in  c o n s id e ra b le  d e ta i l .  A d e s c r ip t io n  
of f a ls e  c a p ro c k  is  then  p r e s e n te d  to  show i ts  r e la t io n s h ip  to  the  t r u e  
c a p ro c k .
P r e v io u s  th e o r i e s  of c a p ro c k  o r ig in  a r e  a n a ly ze d  to a s c e r t a i n  
w h e th e r  o r  not any of th e m , b a s e d  on th e s e  above d a ta ,  can  s a t i s ­
f a c to r i ly  accoun t fo r  the  c h a r a c t e r  of c a p ro c k  and  i ts  r e la t io n s h ip  to 
th e  su r ro u n d in g  e n v iro n m e n t .  T h is  is  fo llow ed by a m o d if ied  th e o ry  
of o r ig in ,  w hich  is  p o s tu la te d  to accou n t fo r  a l l  known f a c ts .  F in a l ly ,  
the  se q u en c e  of even ts  w hich  m a y  have  tak en  p la c e  du rin g  th e  d e v e lo p ­
m e n t  of c a p ro c k  is  p r e s e n te d .
Sa lt D om es Studied
F ig u r e  1 show s the  lo ca tio n  of s a l t  d o m es  fo r  w hich  in fo rm a tio n  
w as  a v a i la b le  to  the  w r i t e r .  T ab le  1 g ives  th e  n a m e  and lo ca tio n
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Figure I. Loca tion  of s a l t  d o m e s  for w h ich  i n f o r m a t i o n  w as  a v a i l a b l e .  






















Map Index of Salt Dom es for which In fo rm ation  w as A vailab le
L ocation Type cf in fo rm a tion  obtained
County o r Survey  or Lithology Thin Chem.
Dome State P a r i s h Sec. T, R. Data S am p les  Section TEM SEM Analy. O ther*
Allen Tex. B ra z o r ia Alley X X X X
A very  Island L a . Ib er ia 39-13S-5E X X
B elle  Isle L a . St. M ary 28-17S-10E X X X
Black Bayou La. C am eron 7-12S-12W X X X
B ren ham Tex. Austin W illiam s, 
A - 110
X
B ru in sb u rg M iss . C la iborne 13-11N -1E X X
Choctaw L a . Ib erv il le 52-9S-11L X X X X




23° 27. 3'N, 
92°35. 2'W
X
Clay C reek Tex. W ashington P e r r y X
C lem ens Tex. B ra z o r ia M cNeel,
A-92
X X
Cote Blanch La. St. M ary 2 3 -1 5S-7E X X
Damon Tex. B ra z o r ia M ills X
Mound
Danbury Tex. B ra z o r ia Austin ,
A -14
X X
Hockley Tex. H a r r i s Coghill X X X X
Hull Tex. L ib e r ty D evore X X X X
Humble Tex. H a r r i s A dam s X
J e a n e re t te La. St. M ary 37-13S-9E X X
J e f fe rs o n  Is. La. Ib e r ia 5 9 -1 2S-5E X X
Jenn ings L a . Acadia 47-9S-2W X X X
Kings M iss . W arren 39-1 7N -4E X X X X X
Table 1 cont.




P a r i s h




Thin C hem .
21 Lake Wash. La. P laq u em in es 24-20S-26E X X
22 M cB ride M iss . Je f fe rso n 19 -8 N -4 E X
23 Minden L a . W ebste r 20-19N-8W X X X X X
24 N apoleonvilleLa. A ssum ption 41-12S-13E X
25 Oakley M iss. Hinds 27-5N-3W X X
26 Oakvale M iss . Jeff. Davis 32-6N-19W X
27 Pine P r a i r i e L a . E vangeline 35-3S-1W X
28 Raleigh M iss . Sm ith 17 -2N -8 E X X
29 Richm ond M iss. Covington 20-6N-15W X X X
30 Ruth M iss . L incoln 15-5N -9E X
31 S ard is
Church
M iss. Copiah 29-10N -9E X
32 Section 28 L a . St. M artin 3 3-9S -7E X
33 S tra tton
Ridge
Tex. B ra z o r ia G roce X
34 T atum M iss . L a m a r 14-2N-16W X X X X X
35 Utica M iss . Copiah 8-2N -4W X X X X
36 Venice La. P la q u em in es 26-21S-30E X
37 Vinton La. C a lcas ieu 33-10S-12W X
38 W eeks Is. La. Iber ia 38-14S-6E V. k X
39 W innfield La. Winn 19 -11N-3W X
Non-Gulf Coast Salt
H utchinson bedded sa lt ,  K ansas X X
Pug Wash Salt Dome, Nova Scotia , Canada X X
X
X
W hisky Island Mine, bedded sa l t ,  M ichigan B asin  X X
Z ech s te in  2, G erm any  X X
TEM  = T ra n s m is s io n  e le c tro n  m ic ro sc o p y ,  SEM = Scanning e le c t ro n  m ic ro sc o p y ,  *Includes w a te r  a n a ly se s ,  
p r e s s u r e  and te m p e ra tu re  data , e tc .
c o r re s p o n d in g  to the  m ap  n u m b e rs  a s  w e ll  a s  the  type of in fo rm a tio n  
ob ta in ed  d u r in g  the  study.
Samples
C o re  s a m p le s  w e re  g e n e ro u s ly  sup p lied  by the M is s i s s ip p i  
G eo log ica l ,  E c o n o m ic a l  and  T o p o g ra p h ic a l  S u rvey , F r e e p o r t  Su lphur 
C om pany, S he ll  P e t ro le u m  C o rp o ra t io n ,  S in c la i r  Oil C om pany and  the 
L o u is ia n a  G eo lo g ica l  Survey .
L ith o log y  da ta  w as  c o n tr ib u te d  l a r g e ly  f ro m  the  f i le s  of F r e e p o r t  
Su lphur C om pany. T h ese  f i le s  c o n s is te d  of d e ta i le d  l itho logy  logs of 
e x p lo r a to r y  b o re  h o le s  on 20 s a l t  d o m e s .
O th e r  s a m p le s  w e re  given  to  the w r i t e r  by D r. Jo s e p h  M a r t in e z ,  
Dr. Donald K upfer (both of L o u is ia n a  S ta te  U n iv e rs i ty ,  Baton Rouge) 
and  D r. A l f r e d  W eidie (L o u is ia n a  S ta te  U n iv e rs i ty ,  New O rle a n s ) .
The se le c t io n  of s p e c im e n s  w hich  w e re  s tu d ied  w a s  p r e d o m ­
inan tly  d ic ta te d  by th e i r  a v a i la b i l i ty .  F r o m  th e s e  sp e c im e n s ,  the 
in te r v a l  e x a m in e d  w as  ch o sen  on the  b a s i s  th a t  it  a p p e a re d  r e p r e ­
se n ta t iv e  of th a t  in te rv a l .  The v e r t i c a l  d i s ta n c e  be tw een  s a m p le s  
w as  d e te rm in e d  by a v a i la b i l i ty ,  p r a c t i c a l  l im i ta t io n s ,  litho logy  and  
p ro x im i ty  to im p o r ta n t  in te r f a c e s .
Many of the  c o re s  w e re  d r i l l e d  25 to  45 y e a r s  ago , thus  
hav ing  been  su b je c te d  to c o n s id e ra b le  hand ling  and  sh ipp ing . How­
e v e r ,  m o s t  of the  c o re s  had  been  w e ll  la b e le d  and  w e re  in  p la c e .
M iss in g  i n te r v a l s  did not a p p e a r  to  be s e le c t iv e ly  re m o v e d .
M ethods of In v es t ig a tio n
All s a m p le s  w e re  t r e a t e d  in a s i m i l a r  m a n . ie r  w h e re  a p p l ic a ­
b le .  M in e ra ls  w e re  id en t if ie d  by e i th e r  o p t ic a l  m ic r o s c o p y  o r  x - r a y  
d i f f ra c t io n  a n a ly s i s .  Both the  t r a n s m i s s io n  and scan n in g  e le c t r o n  
m ic r o s c o p e s  w e re  em ployed  to  define  c r y s t a l  m o rp h o lo g y . C h e m ica l  
c o m p o s it io n s  and q u a n ti t ie s  w e re  l a rg e ly  d e te rm in e d  by x - r a y  
f lu o re s c e n c e  a n a ly s i s .  A tom ic  a b so rp t io n  w as  u s e d  to  c h e m ic a l ly  
a n a ly z e  so lu t io n s .
F ig u r e  2 in d ic a te s  the v a r io u s  p r o c e d u r e s  p e r f o r m e d  on the  
s a m p le s  by m e a n s  of a flow d ia g ra m .  E a c h  sa m p le  h as  not n e c e s s a r i l y  
b e e n  su b je c te d  to  a l l  the  e n t r i e s ,  and th e  o r d e r  of the  p r o c e d u r e s  m a y  
have v a r i e d  s l ig h t ly  fo r  a few s p e c im e n s .  A m o re  d e ta i le d  d e s c r ip t io n  
of e a c h  p r o c e d u r e  is  l i s te d  in A ppendix A. P r i o r  to  cu tting  th e  c o re ,  
th e  m e g a sc o p ic  p r o p e r t i e s ;  c o lo r ,  h a r d n e s s ,  f r a c tu r in g ,  and  o th e r  
o u ts tan d in g  c h a r a c t e r i s t i c s  w e re  o b s e rv e d  and  r e c o r d e d .
E x p lan a tio n  of S ta t i s t i c a l  T e r m s
S ta t i s t i c a l  m e th o d s  w e re  u s e d  in  th is  study  to  s u m m a r iz e  
and p r e s e n t  th e  m a s s e s  of d a ta  and  to  d ra w  c o n c lu s io n s  f r o m  th e s e  
d a ta .  T he  m e th o d s  a llow  g e n e ra l iz a t io n s  f ro m  a l im i te d  n u m b e r  of 
o b s e rv a t io n s  by  s t a t i s t i c a l  in fe re n c e .  The fo llow ing is  a  b r i e f  
e x p la n a t io n  of the  s t a t i s t i c a l  t e r m s  p r e s e n te d  in  th i s  r e p o r t :  L in e a r  
r e g r e s s io n  a n a ly s is -^ a  m eth od  of d e te rm in in g  th e  eq u a tio n  of a s t r a ig h t  
l in e  w h ich  b e s t  r e p r e s e n t s  the  t r e n d  of s c a t t e r e d  d a ta  p lo tte d  on a
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SEM = S ca n n in g  e l e c t r o n  microscopy ( J e o l c o  Model J S M - 2 )
TEM = T ransm iss ion  e l ec t ro n  microscopy ( Phil lips Model EM 100) 
XRF = X-ray f luorescence  (Nore lco 8 - p o s i t io n  vacuum s p e c t ro g ra p h  ) 
XRD = X-roy d i f f rac t ion  ( Norelco d i f f r a c t o m e t e r )
AA= Atomic a b s o r p t i o n  ( Perki n - E l m e r  Model 3 0 3 )
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Analytical  procedures  flow d iagram
g ra p h .  C o r r e la t io n  c o e f f ic ie n t—u s e d  to  m e a s u r e  the  r e la t io n s h ip  
b e tw een  two v a r i a b le s .  A coeff ic ien t  equal to  p lus  o r  m in u s  one 
m e a n s  th a t  t h e r e  i s  a p e r f e c t  c o r r e la t io n ,  w h e re a s ,  a  coeffic ien t  
equal to  z e ro  m e a n s  th a t  t h e r e  is  no re la t io n s h ip  w h a tso e v e r  be tw een  
th e  two v a r i a b le s .  A  p o s i t iv e  c o r r e l a t io n  co e ff ic ien t  m e a n s  th a t  th e r e  
i s  a  d i r e c t  r e la t io n s h ip  and a n eg a t iv e  co e ff ic ien t  m e a n s  th a t  t h e r e  is  
an  i n v e r s e  c o r r e l a t io n .  C o r r e la t io n  m a t r i x —a m a t r ix  of c o r r e l a t io n  
c o e f f ic ien ts  w hich  p r e s e n t s  s u m m a ry  s t a t i s t i c s  fo r  a se t  of d a ta  and 
p ro v id e s  in fo rm a tio n  on l in e a r  a s s o c ia t io n s  am ong the  v a r i a b le s .  
S tepw ise  m u lt ip le  r e g r e s s io n  a n a ly s i s —a m etho d  w h ich  p e r m i t s  the  
s tudy  of in t e r r e l a t i o n s  am ong th e  independen t v a r i a b le s  and a m e a n s  
of ran k in g  v a r i a b le s  by th e i r  r e la t iv e  im p o r ta n c e .  C oeffic ien t of 
v a r i a t i o n —u s e d  to  quantify  d i f fe re n c e s  w ith in  e ac h  s e t  of d a ta .
EA RLY  L IT E R A T U R E
C a p ro ck  o v e rly in g  Gulf C o a s t  sa l t  d o m es  h a s  been  of i n t e r e s t  
to  g e o lo g is ts  fo r  o v e r  a  c e n tu ry .  A t f i r s t ,  i t  w as only  a f e a tu re  
c o n s id e re d  unique to  the  Gulf C o a s ta l  P la in .  I n t e r e s t  in c a p ro c k  
ra p id ly  i n c r e a s e d  following th e  d i s c o v e ry  of o il a t Spindletop  D om e, 
T e x a s ,  in  1901 and econom ic  su lp h u r  d e p o s i ts  a t  S u lphur, L o u is ia n a ,  
a t  abou t the  sa m e  t im e .  It w as  a t  Spindletop  w h e re  th e  t e r m  c a p ro c k  
w as f i r s t  u s e d  to  d e s c r ib e  the  u p p e r  p a r t  of the  c a p ro c k  and th e  f a l s e  
c a p ro c k ,  w hich  w e re  thought to  function  a s  capping  fo r  th e  c a v e rn o u s  
o i l - b e a r in g  s t r a t a  (T ay lo r ,  1938).
One of th e  f i r s t  r e p o r t s  (Hopkins, 1870) co n ce rn in g  c a p ro c k  
d e s c r ib e d  o u tc rop p ing  C re ta c e o u s  l im e s to n e s  a t  W innfield  and P in e  
P r a i r i e  D om es , L o u is ia n a  a s  e ro s io n  re m n a n ts  of a  " C re ta c e o u s  
r id g e .  " B etw een  th is  e a r ly  da te  and about 1920, m o s t  a u th o rs  a rg u e d  
th a t  th e  c a p ro c k  w as a s e d im e n ta ry  d e p o s i t  up lif ted  by  in t ru s io n  of the  
s a l t .  R o g e rs  (1918) ou tlined  four p r in c ip a l  t h e o r i e s  of o r ig in  w ith  one 
o f th e m  be ing  th e  a c c u m u la t io n  of r e s id u a l  m a t e r i a l  a f t e r  so lu tio n  of 
th e  s a l t .  T h is  r e s id u a l  a cc u m u la t io n  th e o r y  ga ined  in  fav o r  a f te r  the  
c l a s s i c a l  in v e s t ig a t io n s  by G oldm an  (1929; 1931; 1933; 1952) and  
T a y lo r  (1937; 1938).
M o s t  a u th o rs  at the  p r e s e n t  t im e  a g re e  w ith  th e  r e s id u a l  
a c c u m u la t io n  of h a l i t e - w a te r  in so lu b le  m in e r a l s  th e o ry .  F e e ly  and  
Kulp (1957) b e lie v e  t h e i r  d a ta  su p p o r t  th e  a c c u m u la t io n  th e o ry .
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G e n e ra l  S ta tem en t
T h e  Gulf C o a s ta l  re g io n  i s  u n d e r la in  by  g r e a t  th ic k n e s s e s  of 
s e d im e n ts  and  s e d im e n ta ry  ro c k s  c o m p o sed  ch ie f ly  of sand , c lay , 
m a r l ,  l im e s to n e ,  chalk  and e v a p o r i te s  ran g ing  in  age  f r o m  a t l e a s t  
la te  T r i a s  s ic  to  R e ce n t.  S e m ic y l in d r ic a l  m a s s e s  o f s a l t  have  t h r u s t  
t h e i r  w ay  u p w a rd  th ro u g h  th e s e  s e d im e n ts ,  and have  r e s u l te d  in  the  
w e ll-k n o w n  sa l t  d o m es  o r  s a l t  p lugs w hich  a r e  c h a r a c t e r i s t i c  of th e  
re g io n .  As of 1966, th r e e  h u n d red  and tw en ty  n ine  of th e s e  s t r u c tu r e s  
had  been  p ro v e n  to  e x is t  in th e  s ta te s  of T e x a s ,  L o u is ia n a ,  M is s i s s ip p i  
and A la b am a  (Hawkins and J i r i k ,  1966). The p r e s e n c e  of s a l t  dom es  
h as  s in ce  been  e s ta b l is h e d  in  the  S ig sbee  Deep a r e a  of th e  Gulf of 
M exico  (Leg 1, G lo m ar  C h a lle n g e r  P r o j e c t ,  1968).
T h e  s a l t  d o m e s  a r e  u s u a l ly  c o n s id e re d  a s  o c c u r r in g  in  one of 
t h r e e  g e n e ra l  lo c a t io n s :  in  th e  i n t e r io r  of the  above  m en tio n ed  s t a te s ,  
in  th e  c o a s ta l  a r e a s  o r  in  th e  o f fsh o re  a r e a .  T hey  a r e  b ro a d ly  c l a s s i ­
f ied  a c c o rd in g  to  th e  dep th  to  sa l t :  Shallow , 0 -4 ,  000 fee t;  i n t e r ­
m e d ia te ,  4 ,0 0 0 - 1 0 ,0 0 0  fee t;  and deep , below  10 ,000 fe e t  (Hawkins and 
J i r i k ,  1966). T he  d o m es  a r e  ind iv id ua lly  c la s s i f i e d  a c c o rd in g  to  shape  
a s  m ap p e d  ( c i r c u la r ,  e long a te ,  m u lt ip le ,  a n t ic l in a l ,  t a b u la r ) ,  to 
c r o s s - s e c t i o n  (p a ra l le l ,  expanding , t e a r d r o p ,  doublet) o r  a c c o rd in g  
to  o r ig in  (K upfer, 1963).
T h e  econo m ic  im p o r ta n c e  of th e  L ouann  s a l t  (be lieved  to  be  the
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. s o u r c e  o f th e  d o m a l sa l t ;  A n d re w s , I960) to  th e  G ulf C o a s ta l  r e g io n  is  
h igh ly  s ig n if ic an t .  Haw kins and  J i r i k  (1966) r e p o r t  th a t  in  1964, 
p ro d u c t io n  a s s o c ia te d  w ith  sa l t  d o m es  am o u n ted  to  about 74 p e rc e n t  of 
the  e le m e n ta l  su lp h u r  (th is va lue  h as  d e c r e a s e d  s h a rp ly  s in c e  the  d i s ­
c o v e ry  of su lp h u r  in  th e  W est T e x a s  P e r m ia n  B asin ) ,  about 41 p e rc e n t
*v
of th e  s a l t ,  and  about 12 p e rc e n t  of th e  to ta l  c ru d e  o il p ro d u c e d  in  the  
U nited  S ta te s .  T hey  f u r th e r  n o ted  th a t  a s  of J a n u a r y  1965, about 54 
p e r c e n t  of th e  u n d e rg ro u n d  s to r a g e  c a p a c i ty  in  the  N ation  f o r  l iq u e f ied  
p e t r o l e u m  g as  (LPG) w as in Gulf C o as t  s a l t  d o m e s .  T he  e n v iro n m e n ta l  
s ig n if ic a n c e  of s a l t  h a s  been  in v e s t ig a te d  (M a rtin e z ,  1971).
Sa lt  D om e M in e ra ls
H a lite  and the  w a te r - in s o lu b le  r e s id u e  m in e r a l s  w h ich  w e r e  
id en t i f ie d  d u r in g  th is  in v e s t ig a t io n  w ill  now be e x am in e d  in  the  o r d e r  
of t h e i r  ab und an ce .
H a li te  (NaCl): T h is  m in e r a l  w as  found to  c o n s t i tu te  abou t 89 to  92 
p e r c e n t  of th e  s a l t  s a m p le s  s tu d ied , and  has  been  r e p o r te d  by  v a r io u s  
a u th o r s  to  r a n g e  f ro m  80 to  98 p e rc e n t .  T he h a li te  w h ich  i s  found in  
th e  d o m e s  i s  g e n e r a l ly  e u h e d ra l ,  and  p o s s e s s e s  p e r f e c t  cubic  
c le a v a g e  (p late  1, f ig s .  1 and 2). A  p e t ro f a b r ic  s tudy  (M u e h lb e rg e r  
and  C labaugh , 1968) in d ic a te s  th a t  a  s ig n if ican t  n u m b e r  of s a l t  c r y s t a l s  
a r e  p r e f e r e n t i a l l y  o r ie n te d ,  im p ly ing  th a t  the  s a l t  m o v e m e n t  o c c u r r e d  
a long  c r y s t a l  g lide  p la n e s .  Ind iv idual c r y s t a l s  ra n g e  in  s iz e  f ro m  
n e a r  s u b m ir c ro s c o p ic  to  a s  l a r g e  a s  5 c e n t im e te r s .  T he  c o lo r  of th e
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m in e r a l ,  d ependen t upon the  abundance  of in c lu s io n s ,  r a n g e s  f r o m  
a lm o s t  c o lo r l e s s  to  d a rk  b row n.
S e v e ra l  th in - s e c t io n s  of s a l t  w e re  p r e p a r e d  by the  m e th o d  of 
W alk e r  (1969) to d e te rm in e  the  m a n n e r  in  w hich the  in c lu s io n s  o c c u r  
in th e  s a l t .  In c lu s io n s  o c cu r  w ith in  the  ind iv idua l s a l t  c r y s t a l s  
(p la te  1, F ig . 2), a p p a re n t ly  in m u ch  th e  s a m e  re la t io n s h ip  a s  when 
o r ig in a l ly  p r e c ip i ta te d  (T ay lo r ,  1938). T hey a r e  s c a t t e r e d  th ro u g h o u t 
a l l  of the  s a l t  c r y s t a l s  with g r e a t e r  c o n c e n tra t io n s  along d a rk  b an ds .
The in c lu s io n s  w e re  re m o v e d  f r o m  the s a l t  of s e v e r a l  d o m es  by 
d is so lv in g  the  s a l t  and  re c o v e r in g  the w a te r - in s o lu b le  r e s id u e .  A s iz e  
a n a ly s i s  of the  r e s id u e  f ro m  one dom e, p lu s  the  m a jo r  m in e r a l  c o m ­
p o n en ts  in  each  ro c k  s iz e  c la s s  is show n in  T ab le  2. Scanning e le c t ro n  
m ic r o g r a p h s  of each  s iz e  c la s s  a r e  show n in P la te  21, F ig u r e s  5 and  6 
and  P l a t e  22. C h e m ica l  a n a ly se s  of the  w a te r - in s o lu b le  r e s id u e  o b ­
ta in e d  f r o m  se v e n  s a l t  do m es a r e  d isp lay e d  in T ab les  26 th ro u g h  35, 
p a g e s  196 th roug h  205. T h ese  a n a ly s e s  in d ic a te  s m a l l  c h e m ic a l  
v a r i a t io n s  in  the  in so lu b le  r e s id u e  be tw een  d o m es .
P h o to m ic r o g r a p h s  of the  in so lu b le  r e s id u e  f r o m  e ig h t  s a l t  
d o m e s  and  t h r e e  bedded  s a l t  d e p o s i ts  a r e  show n in P l a t e s  2, 3 and  4.
The so lu b i l i ty  of h a l i te  is  p r i m a r i l y  a function  of the  c o n c e n ­
t r a t io n  and type  of o th e r  ionic sp e c ie s  p r e s e n t .  F ig u r e  3 i l l u s t r a t e s  
th e  e f fe c ts  on the  so lu b il i ty  due to o th e r  d is so lv e d  sp e c ie s  found in 
n a tu r a l  b r in e s  a s s o c ia t e d  with s a l t  d o m es  (T able  37, page  207). The
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T A B L E  2
W a te r - In so lu b le  R es idue :  S ize  and  M in e ra lo g ic a l  A n a ly s is  
T a tu m  Dom e, M is s .  , AEC W ell, 1947 fee t
S ieve  S ize  (m m ) Wt. r e ta in e d  on(g) % re ta in e d  on M in e ra lo g y
I. 0 3 .7 7 1.43 A nhy drite
0. 5 9?. 06 36. 15 A nhydrite
0 .2 5 127. 81 48. 60 A nhydrite  
so m e  d o lo m ite
0. 12? 3 3 .42 12. 71 A nhyd rite ,
d o lo m ite
0. 063 2 .6 6 1.01 A nhy drite ,
d o lo m ite
P a n 0 .2 7 0. 10 A n h y d rite ,
d o lo m ite ,  q u a r tz ,  
p la g io c la s e
so lu b i l i ty  of h a l i te  v a r i e s  s l ig h t ly  a t  t e m p e r a t u r e s  be low  100°C 
(L e rm a n ,  1970), t h e r e f o r e ,  the  c u rv e s  of F ig u r e  3 can  be c o n s id e re d  
r e l i a b le  f o r  the  dep ths  invo lved  d u r in g  c a p ro c k  fo rm a t io n .  S ince  the  
so lu b i l i ty  of s a l t  in the  p r e s e n c e  of e i th e r  un iva len t o r  d iv a len t  m e ta l  
c h lo r id e s  d e c r e a s e s ,  th e s e  ion ic  so lu te s  m u s t  h av e  so m e  e ffec t  on the  
r a t e  and  e x ten t  th a t  " w a te r - in s o lu b le "  m in e r a l s  ( i . e . ,  CaSO^) can  
a c c u m u la te  to  f o r m  a  r e s id u e .
A n h y d r i te  (CaSO^): A nhy drite  c o n s t i tu te s  a p p ro x im a te ly  99 p e r c e n t  
of th e  w a te r - in s o lu b le  r e s id u e .  It r a n g e s  in  s iz e  f r o m  m in u te  
c le a v a g e  f r a g m e n ts  to  about 5 m m .  (tab le  2), and  h a s  b e en  r e p o r te d  
to  be a s  l a r g e  a s  14 m m . (T a y lo r ,  1938). The m in e r a l  o c c u r s  in 
two m a j o r  m o rp h o lo g ie s ;  t a b u la r  c r y s t a l s  and  " s t e m - s h a p e d "  (T ay lo r ,  
1938; u s e d  to  d e s ig n a te  a  m o rp h o lo g y  hav ing  s t r i a t io n s  s i m i l a r  to th o se  















F igure  3
Solubil i ty  of  h a l i t e  in the  p re sen ce  of  some o the r  e l e c t r o l y t e s  a t  25 °C .  ( f ro m  L e rm a n ,  1 9 7 0 )
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m o s t  com m on  type , is o c c a s io n a l ly  long and  s le n d e r ,  but is g e n e ra l ly  
s tubby  and o ften  co m plex ly  tw inned (p late  3, f ig s .  1 and 2). The 
m in e r a l  m a y  co n ta in  in c lu s io n s  of s m a l l e r  a n h y d r i te  c r y s t a l s ,  p y r i te ,  
do lo m ite ,  su lp h u r ,  flu id  and  p o s s ib ly  c a rb o n a c e o u s  m a t t e r .
P h o to m ic ro g ra p h s  of a n h y d r i te  r e s id u e  can  be found in  P la te  2; 
P la te  3, F ig u re s  1 and 2; P la te  4; P la te  21, F ig u re s  5 and 6; and  
P la te  22. T ab le  3 l i s t s  the  a v e ra g e  c h e m ic a l  co m p o s it io n  of a n h y d r i te  
f r o m  fo u r  s a l t  dom e re s id u e s  a s  d e te rm in e d  by x - r a y  f lu o re s c e n c e .  
A dditiona l c h e m ic a l  da ta  of r e s id u e  a n h y d ri te  a r e  p r e s e n te d  in T ab le s  26 
th ro u g h  35, p a g es  196 th rough  205.
T A B LE 3
C h e m ic a l  C o m position  of R es id u e  A nhydrite*
CaO(%) S(%) Si(ppm) K(ppm) Fe(ppm ) Zn(ppm) Sr(ppm )
Min. 37. 62 23. 21 0 5 57 445 357
M ax. 39. 54 23. 55 35 65 125 475 390
M ean 39. 32 23.41 7 21 83 463 371
S. D. 0. 26 0. 03 1. 77 10. 50 14. 70 2. 57 6
C V(%) 0. 66 1. 13 5. 89 48. 92 17. 87 0. 57 1
^C o m p o s it io n  of fou r s a l t  d om es r e s id u e s ,  ten  s a m p le s .
S a lt  d o m es  a r e :  T a tu m , K ings, A l le n ,  Hull
The so lu b i l i ty  of a n h y d r i te  in  a n a tu ra l  w a te r  s y s te m  is l a r g e ly  
dep en d en t upon ion ic  s t re n g th ,  t e m p e r a tu r e  and the  a m o u n t  and  type 
of c o m p le x e s  in  the  so lu tion . M a r s h a l l  and S lu sh e r  (1968) and L e r m a n  
(1970) h ave  in d ic a te d  th a t  the  so lu b il i ty  of CaSO^ can  be s a t i s f a c to r i ly  
p re d ic te d  by a m o d e l  which ta k e s  in to  acco u n t the  above m en tio n ed
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t h r e e  v a r i a b le s .  T h is  m o d e l  w il l  be  d i s c u s s e d  in  d e ta i l  in  a  following 
se c t io n .
F ig u r e  4 d isp la y s  th e  so lu b il i ty  of a n h y d r i te  a s  a  function  of 
t e m p e r a t u r e  and N aCl c o n c e n tra t io n s .  F r o m  th is  f ig u re  it can  be 
n o ted  th a t  t h e r e  m u s t  be so m e  r e la t io n sh ip  be tw een  CaSO^ so lu b ili ty  
and  c a p ro c k  fo rm a t io n  s in ce  a n h y d r i te  i s  the  m a jo r  co n s t i tu en t  of 
m o s t  c a p ro c k s .  M o re  sp e c if ic a l ly ,  a p o r t io n  of the  a n h y d r i te  r e s id u e  
could  be  d is so lv e d  a long w ith  th e  s a l t .  It i s  i n te r e s t in g  to  no te  in 
F ig u r e  4 th a t  the  so lu b il i ty  c u rv e s  fo r  d i f fe re n t  c o n c e n tra t io n s  c r o s s  
when the  t e m p e r a t u r e  i s  in c r e a s e d .  F ig u r e  5 in d ic a te s  the  r a te  of 
CaSO^ so lu b il i ty  a s  a  function  of t im e  and c o n c e n tra t io n  of N aCl in  
so lu tion . F ig u r e  4 w ill  be r e f e r r e d  to  aga in  in  fo r th co m in g  s e c t io n s .
D o lom ite  (C a ,M g(C O  ) ): D o lom ite  is  th e  next m o s t  abundant r e s id u e  
m in e r a l  found, and h a s  b e en  r e p o r te d  to  be in  a l l  of th e  d o m es  in 
q u a n ti t ie s  up  to  s e v e r a l  p e r c e n t  (T a y lo r ,  1938). It o c c u rs  a s  w e ll  
deve loped  rh o m b o h e d ra l  c r y s t a l s ,  o ften  tw inned , w h ich  ran g e  in  s iz e  
f ro m  0 .0 5  m m . to  a s  l a r g e  a s  1. 3 m m .  (p la te  2, fig . 2 and p la te  3, 
fig . 4). M any  of th e  rh o m b o h ed ro n s  co n ta in  a n u c le u s  of a w h ite  o r  
d a rk  su b s ta n c e ,  p ro b a b ly  c a rb o n a c e o u s  m a t e r i a l .  T h e  c r y s t a l s  a r e  
u s u a l ly  p a le  b row n , but a  few  a r e  c o lo r l e s s .
Q u a r tz  (SiO^): T h is  m in e r a l  o c c u r s  a s  w e l l-d e v e lo p e d  ind iv idua l 
c r y s t a l s  and  a s  r o s e t t e s .  T h e  r o s e t t e s  a r e  v e ry  d is t in c t iv e  in 
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Figure 5
R a f e o f C a S o 4 so lub i l i ty  a s  a func t ion  of  t im e  a n d  C o n c e n t r a t i o n  of 
NaCl  in s o l u t i o n .T e m p e r a t u r e  held c o n s t a n t  a t  2 5 * 2 °  C-
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to  th a t  found in  so m e  of the  d o lo m ite  rh o m b s .  The r o s e t t e s  u su a l ly  
h av e  a  few a n h y d r i te  c r y s t a l s  a t ta c h e d  to  th e m . The ind iv idua l c r y s t a l s  
a r e  g e n e r a l ly  abou t 0. 02 m m . in len g th  and v e r y  r a r e l y  a s  l a r g e  a s  
1 m m . (plate  3, f ig s .  5 and  6). M o s t  of the  r o s e t t e s  a r e  abou t 0. 1 m m . 
in  s iz e .
Su lphur (S): T h is  m in e r a l  o c c u rs  a s  i r r e g u l a r  a n h e d ra l  c r y s t a l s .
T hey  a r e  u su a l ly  qu ite  s m a l l  in s iz e ,  and  n e v e r  l a r g e r  th an  0 .4  m m .
The c ry s ta l s  v a ry  in  c o lo r  f r o m  yellow  to g re e n is h -y e l lo w .  T a y lo r  
(1938) no ted  th a t  the  su lphu r  d is t r ib u t io n  is  v e r y  i r r e g u l a r ,  a s  the  
c r y s t a l s  m ay  be c o m p a ra t iv e ly  abundan t in s a l t  f r o m  one p a r t  of a 
dom e, and  a b s e n t  o r  r a r e  in the s a l t  f r o m  o th e r  p a r t s  of the  s a m e  
do m e.
B a r i t e  (BaSO^): B a r i t e  w as found as  th in , ta b u la r  c r y s t a l s  and  v e ry  
r a r e l y  a s  s m a l l  r o s e t t e s .  The ta b u la r  c r y s t a l s  ra n g e  in s iz e  f r o m
0. 1 m m . to  a s  l a r g e  a s  1 .8  m m . , a v e ra g in g  about 0. 2 m m . M any 
of th e  c r y s t a l s  c o n ta in  s m a l l  in c lu s io n s  of a n h y d r i te .  T he  m in e r a l  
v a r i e s  f r o m  c o lo r l e s s  and t r a n s p a r e n t  to  b ro w n ish  and  t r a n s lu c e n t .
P la g io c la s e :  T h is  m in e r a l  o c c u rs  a s  a  m in o r  p h a se  in  the  l e s s  than
0. 063 m m . f r a c t io n  of the  T a tu m  Dome in so lu b le  r e s id u e .  It a p p e a rs  
to  be n e a r e r  in  c o m p o s it io n  to bytow nite  than  any  o th e r  m e m b e r  of 
th e  p la g io c la s e  g roup . The m in e r a l  was id en t if ied  by x - r a y  d if f ra c t io n .
M a g n e s i te  (MgCO^): Only one c r y s t a l  of th is  m in e r a l  was noted  
(T a tu m  Dome re s id u e ) ,  and  it w as  id en t if ie d  on th e  b a s is  of i ts  o p tica l
p r o p e r t i e s .  T he  c r y s t a l  is  abou t 0. 5 m m .  in  len g th  and  c o lo r l e s s .
It h a s  been  r e p o r te d  (T ay lo r ,  1938) th a t  th e  p r e s e n c e  of th is  r a r e  
m in e r a l  is  one of the  d is t in c t iv e  f e a tu r e s  of the c a p ro c k  on the 
C hoctaw  D om e, L o u is ia n a .
Unknown m a t e r i a l  (? ) :  T h is  m a t e r i a l  w as  no ted  d u rin g  an  e le c t ro n
m ic r o s c o p e  s tudy  of the  in so lu b le  r e s id u e  of the  T a tu m  D om e. It 
was a c tu a l ly  qu ite  p len t ifu l  and  w as d is t in g u is h e d  by i ts  r a t h e r  odd 
sh ap e  (p la te  3, f ig . 3). E le c t ro n  d i f f ra c t io n  was a t t e m p te d  in i ts  
id en t i f ic a t io n ,  but no p a t t e r n  cou ld  be ob ta in ed . T he m a t e r i a l  m a y  be 
o rg a n ic  o r  in o rg a n ic  in o r ig in ,  o r  t h e r e  i s  a  s l ig h t  p o s s ib i l i ty  th a t  it  
is  an  a r t i f a c t  f r o m  sa m p le  p r o c e d u r e .  I ts  s m a l l  s i z e  (about 2 }JL ) 
p ro h ib i te d  co nven tiona l  m e th o d s  of id e n tif ic a t io n .
T he r e a d e r  is  r e f e r r e d  to  T a y lo r  (1938) fo r  a  c o m p re h e n s iv e  
l i s t  and  d e s c r ip t io n  of th e  r a r e  m in e r a l s  ob ta in ed  f r o m  L o u is ia n a  and 
T ex a s  s a l t  r e s id u e s .
S u m m a ry
S a lt  d o m es  co n ta in  f r o m  80 to  98 p e r c e n t  h a l i te .  The l e s s -  
so lu b le  c o n s t i tu e n ts  of the  s a l t  inc lud e  a n h y d r i te ,  d o lo m ite ,  q u a r tz ,  
s u lp h u r ,  b a r i t e  and  o th e r  l e s s  c o m m o n ly  o c c u r r in g  m in e r a l s .  A nhy­
d r i t e  c o n s t i tu te s  abou t 99 p e r c e n t  of th e  l e s s - s o l u b l e  f r a c t io n .  The 
m in e r a l  a v e r a g e s  in  s iz e  0 .2 5  m m . and  is  found in  e i th e r  t a b u la r  o r  
• 's te m -s h a p e d '’ c r y s t a l s .  C h e m ica l  a n a ly s e s  of r e s id u e  a n h y d r i te  f ro m  
fo u r  s a l t  d o m es  in d ic a te  th a t  low c o n c e n tra t io n s  of Si, K and  F e  a r e
p r e s e n t  and  Zn and S r  a r e  p r e s e n t  in m o d e r a te  a m o u n ts .  T he  t r a c e  
e le m e n t  con ten t  of r e s id u e  a n h y d r i te  v a r i e s  s l ig h t ly  f r o m  dom e to d om e.
T he so lu b i l i ty  of h a l i te  is  m a r k e d ly  a ffe c te d  by o th e r  e le c t r o ly te s  
in  so lu t io n  which could  c o n tro l ,  to  so m e  d e g re e ,  the  r a t e  and  ex ten t  
th a t  a n h y d r i te  can  a c c u m u la te  to  f o r m  a r e s id u e .  A n h y d rite  so lu b il i ty  
is  a  func tio n  of ion ic  s t r e n g th ,  t e m p e r a tu r e  and  th e  am oun t and  type  
of c o m p le x e s  in so lu tion . T hus, a n h y d r i te  could  be d is s o lv e d  o r  
p r e c ip i t a t e d  depend ing  on the  above t h r e e  v a r i a b le s .
THE CAPROCK
G e n e ra l  S ta te m en t
T his  se c t io n  is devoted  to  the  g e n e r a l  geology, p h y s ic a l  
c h a r a c t e r  and litho logy  of c a p ro c k .  It a ls o  in c lu d es  d is c u s s io n s  
on the  upp er  and lo w e r  b o u n d a r ie s  of c a p ro c k  and of the  su r ro u n d in g  
s e d im e n ts .  A know ledge of th e s e  f e a tu r e s  is e s s e n t ia l  in  u n d e r ­
s tand ing  the  g e n e s is  of c a p ro c k  b e c a u se  th e s e  f e a tu r e s  a r e  the  end 
p ro d u c t .
G e n e ra l  Geology
C a p ro ck  is an  i r r e g u l a r  co m plex  of ro c k s  which is  p r e s e n t  on 
the  top, and co m m on ly  the  s id e s ,  of a p p ro x im a te ly  h a lf  the  known 
s a l t  dom es in the  Gulf C o as t  re g io n  a s  w ell a s  on the  S ig sb ee  d o m es  
in th e  Gulf of M ex ico . Both the  sha llow  and deep  s e a te d  d o m es  have  
re c o g n iz a b le  c a p ro c k ,  bu t it  i s  m o r e  l ik e ly  to be  p r e s e n t  and  to  be  
th ic k e s t  o v e r  the  sh a l lo w e r  d o m e s .  The a v e ra g e  depth  to  the  s a l t  
on th o se  d o m es  hav ing  c a p ro c k  is  about 2, 325 fe e t  ran g in g  f ro m  n e a r  
s u r f a c e  to  g r e a t e r  th an  10, 000 f e e t  deep . The dep th  to  the  top of the  
c a p ro c k  a v e ra g e s  a p p ro x im a te ly  1 ,970 fee t .  T h ic k n e s s  of c a p ro c k  
is  v e ry  v a r ia b le ,  but a v e r a g e s  abou t 420 fee t  th ick .
The c a p ro c k  co m m o n ly  c o n s i s t s  of th r e e  o r  fou r  d i f fe re n t  
types  of l i th o lo g ie s .  T h e se  l i th o lo g ie s  a r e  p re d o m in a n t ly  m o n o -  
m in e r a l i c ,  and c o n ta in  a s  t h e i r  m a jo r  m in e r a l s ;  a n h y d r i te ,  g ypsum , 
c a lc i te  and  l e s s  co m m o n ly  c e le s t i t e .  The t e r m  " l im e s to n e "  is  not
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u s e d  b e c a u se  oil i ts  gen e tic  im plica tions ., M in o r  m in e r a l s  inc lude  
su lp h u r ,  p y r i te ,  d o lo m ite ,  b a r i t e  and o th e r s .  The a n h y d r i te  p o r t io n  
of the  c a p ro c k  is  g e n e ra l ly  the th ic k e s t ;  fo llow ed in  th ic k n e ss  by 
c a lc i te ,  g y p su m  and c e le s t i t e .  In te rb e d d ed  l a y e r s  of s a l t  a n d /o r  
se d im e n ts  a r e  no ted  in c a p ro c k .
The u p p e r  p o r t io n s  of the  c a p ro c k  on m a n y  of the  dom es  have  
b e en  h igh ly  f r a c tu r e d  and  b re c c ia te d ,  and  th e s e  f e a tu r e s  have  been  
a t t r ib u te d  to the  p r e s s u r e  e x e r te d  on the  c a p ro c k  d u r in g  upw ard  
m o v e m e n t .  The c a lc i te  cap  is  co m m o n ly  v e ry  c a v e rn o u s  with the  
c a v i t ie s  ran g in g  in  s iz e  f r o m  m in u te  voids to  o v e r  a q u a r t e r  of a 
m i le  in length  (T ay lo r ,  1938). Hanna and Wolf (1934) no ted  th a t  c a v i t ie s  
can  c o m p r i s e  up to  50 p e r c e n t  of so m e  c a p ro c k .  M o s t  of the h y d r o ­
c a rb o n s  and su lp h u r  found in c a p ro c k  a r e  c o n ta in ed  in th e s e  c a v i t ie s .
C ap r  ock C on fig u ra tion
T he sh a p e  of c a p ro c k  is  h igh ly  v a r i a b le .  G e n e ra l ly ,  it 
o v e r l i e s  the  u p per  s u r f a c e  and  ex tends down th e  f lan k s  of the s a l t  
d om e, with th e  top  of the  cap n e a r ly  p a ra l le l in g  th e  s a l t  s u r f a c e .  
N u m ero u s  excep tio ns  to  th is  g e n e ra l iz a t io n  can  be found. F o r  
ex am p le ,  c a p ro c k  ex tends  beyond the  edge of th e  s a l t  a t  B a r b e r s  Hill 
D om e, T e x a s ,  A llen  D om e, T ex as  and  T a tu m  D om e, M is s i s s ip p i .  
C a p ro ck  m a y  be  th ic k e s t  o v e r  the  c e n t r a l  p o r t io n  of th e  dom e o r  i t  
m a y  be w ell dev e lo ped  o v e r  only a  p o r t io n  of th e  dom e such  as  a t  B e lle  
I s le  D om e, L o u is ia n a ,  W innfield D om e, L o u is ia n a  and  B re n h a m  Dom e,
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T e x a s .  C ap’-ock m a y  » --tend down the  f lanks  of the  dom e fo r  s e v e r a l  
th o u sa n d  fee t  such  a s  a t  W innfield  and  L ake  W ashing ton  D om es,
L o u is ia n a .
L itho logy
The b a s is  of the following d i s c u s s io n  is  d e r iv e d  f r o m  litho logy  
d a ta  of a l l  w e lls  on each  dom e fo r  w hich  in fo rm a tio n  was a v a i la b le  to  
th e  w r i t e r .  M o s t of th is  in fo rm a tio n  is  b o re h o le  d a ta  ob ta ined  f r o m  
the  f i le s  of F r e e p o r t  Su lphur C om pany. S ince  a l l  of the  d o m es  s tu d ied  
a r e  c o n s id e re d  sha llow  (g en e ra l ly  l e s s  th an  4, 000 f e e t  to  the  top  of the 
s a l t ) ,  th is  d e s c r ip t io n  of c a p ro c k  is  only p e r t in e n t  to  the  sha llow  
d o m e s ,  as  the  d e e p - s e a te d  dom e c a p ro c k  m a y  be c o n s id e ra b ly  d if fe re n t .  
H o w ev e r ,  g e n e ra l  s ta te m e n ts  can  be m a d e  about c a p ro c k  of the  sha llow  
d o m es  with the  a s su m p t io n  th a t  the  d o m es  s tu d ied  a r e  r e p r e s e n ta t iv e  
of a l l  sha llow  s a l t  d o m e s .  The li tho logy  d a ta  f r o m  a l l  w-ells on each  
dom e is  l i s te d  in  T ab le  4.
T he lith o lo g y  d a ta  (table  4) w e re  a v e ra g e d  fo r  each  dom e  in 
o r d e r  to  c h a r a c t e r i z e  the  c a p ro c k  on each  dom e and  to  d e te r m in e  if  
any s i m i l a r i t i e s  o r  v a r ia t io n s  e x is t  b e tw ee n  d o m es  (tab le  5). F r o m  
th is  ta b le  i t  can  be se e n  th a t  th e  l i tho logy  of the  c a p ro c k  of the  24 
d o m es  l i s t e d  is  qu ite  v a r ia b le .  T ab le  5 d isp la y s  in fo rm a tio n  o b ta ined  
f r o m  a s t a t i s t i c a l  a n a ly s is  of the  a v e r a g e  l itho logy  d a ta .  T he c o e ff ic ien t  
of v a r ia t io n  ( s ta n d a rd  d e v ia t io n /m e a n  x  100) w as u s e d  to  quan tify  
d i f f e r e n c e s  in each  v a r ia b le  b e tw een  th e  24 s a l t  d o m e s .  The c o e f f ic ien t
TA B LE 4
A verage  L ithology Data f ro m  a l l  W ells on E ach  Dome
Dome TC CT GT AT TT TS t c o 3 TSC>4 AnhyGyp
TSed #W ells
Allen, Tex. 995 51 246. 7 166. 3 420 1394 51 376. 7 7. 39 0. 7 18 15
B e lle ls le ,  La. 859 283 120. 3 10* 339. 8 1199 283 130. 3 0. 46 0. 1 3 7
Black Bayou, La. 1054 76. 3 66 800* 942* 2000* 76. 3 866 11. 35 12. 1 — 7
B ren ham , Tex. 1523 74. 8 — 363 459 2253 74. 8 363 4. 85 5 7
Damon Mound, Tex. 220 131. 9 278. 9 — 377 562 131. 9 278. 9 2. 11 — 28
Hockley, Tex. 452 128. 2 110. 7 419 671 1124 128. 2 502 3. 91 3. 8 54 4
Hull, Tex. 418 72. 5 225. 2 86. 8 323. 1 787 72. 5 255 3. 50 0. 4 42 7
Hum ble, Tex. 1181 60. 2 — 66. 2 126. 4 1307 60. 2 66. 2 1. 10 — 5
Kings, M iss . 3593 155 22 75 252 3845 155 97 0. 62 3. 4 — 1
M cB ride , M iss . 2095 95. 5 — — 95. 5 2190 95. 5 — — 4
Minden, La. 1175 144 — 586 730 1905* 144 586 4. 07 — 2
N apoleonville , La. 580 104. 7 113. 5 27. 5 151. 2 773 104. 7 112. 6 1. 07 0. 2 8 10
Oakvale, M iss . 1648 94. 6 — 702 826 2396 94. 6 702 7. 42 — 7
Pine P r a i r i e ,  La. 173 169. 3 157. 8 18. 8 356 530 169. 3 168. 1 0. 99 0 .  1 91. 8 12
Richm ond, M iss . 1717 34 20 196. 5 228 1950 34 216. 5 6. 37 9 .8 — 3
Ruth, M iss . 2331 402. 2 — 37* 439 2700* 402. 2 37 0. 09 — 4
S a rd is  C hurch, M l s s . 1 2 1 0 667 23* 400* 1110 2300* 667 423 0. 63 17. 4 30 8
Section 28, La. 1753 20 — — 31. 5 1785 20 — 10 2
S tra tto n  Ridge, Tex. 1391 133. 7 108. 6 131. 7 374 1633 133. 7 240. 3 1. 80 1 .2 — 8
T atum , M iss . 1134 108. 2 35 194. 2 348 1520 108. 2 223 2. 06 5. 5 — 9
Utica, M iss . 2641 494 — — 494 3135 494 — — 1
Venice, La. 1875 381. 5 — 744* 1125 3000* 381. 5 744 1.95 — 6
Vinton, La. 528 104 231. 7 83 419 968 104 315 3. 03 0 .4 4 5
W innfield, La. 100 160 60 140 360 460 160 200 1. 25 2. 3 — 4
Depth to tops is  fee t below  su r .  T h ickn ess  given in feet. —  in d ica te s  none re c o v e re d ,  ^ in d ica tes  value 
f ro m  pub lished  data . TC=top of cap rock , CT = C alc ite  th ic k n ess ,  GT=gypsum  th ick . , A T =anhydrite  th ick . , 
T T ^ to ta l  th ic k n ess ,  TS=top of sa l t ,  T C O j=to ta l  c a rb o n a te , TSC>4=total su lphate , TSed = to ta l  sed  in cap.
TA B LE 5





V ar. (%) S tep -w ise  m u ltip le  r e g r e s s io n  analysis©
TC 1276. 92 847 .72 66. 39
Depd.
V ar. V ar iab les  D eleted Ind. v a r ia b le s  in o r d e r  of im p o r tan c e
CT 172. 73 159. 75 92. 48 TC O T S ,T S 0 4 , CT, AT, GT, T T , S /C ,  A/G
GT 75. 81 91. 37 120. 05 CT TC S /C , AT, A /G , TS, T SO ., TT, GT4
AT 218. 62 256. 89 117. 50 GT TC, CT TS, A /G , TT, AT, T SO ., S /C4
T T 416. 56 272.59 65. 44 AT TC, CT, GT T S 0 4 TS, A /G , TT, S /C
TS 1738. 17 889.68 51. 18 T T TC, CT, GT, AT TSO , A /G , TS, S /C  4
T S O . 4 287.61 243.93 84. 81 TS TC, CT, GT, AT, TT A /G , T S 0 4,S / C
S /C 2. 75 2. 91 105. 82 T S O . 4 TC, CT, GT, AT, T T , TS S /C , A /G
A /G 10. 63 23. 35 219. 58 S /C TC, CT, GT, AT, TT, TS, T S O .4 A/G
* TC = Top of cap rock ; CT = C alc ite  th ic k n ess ;  GT = G ypsum  th ic k n ess ;  AT = A nhydrite  th ic k n e s s ;  T T  = 
Tota l th ic k n ess ;  TS = Top of sa l t;  TSO^ - Tota l su lphate; S /C  = SO^/CO^; A /G  = Anhy/Gyp.
© The o rd e r  of the independent v a r ia b le s  is  b a sed  on the reduc tion  of su m s of s q u a re s ,  and the independent 
v a r ia b le  m o s t  im p o rtan t  in th is  reduc tio n  is  e n te re d  in the r e g re s s io n .
T able  5 cont. 
C o r re la t io n  M a tr ix
V ariab le TC CT GT AT TT TS t s o 4 S /C A/G
TC 1. 000 0. 254 -0 . 643 0. 014 -0 .0 0 6 0. 942 -0 .2 0 2 -0 . 177 0. 169
CT 0. 254 1. 000 -0 .2 5 4 0. 072 0. 091 0. 406 -0. 005 -0 . 421 0. 064
GT -0 . 643 -0 . 254 1. 000 -0 .3 1 0 -0 .0 7 3 -0. 670 0. 015 0. 148 -0 . 389
AT 0. 014 0. 072 -0 .3 1 0 1. 000 0. 811 0. 300 0. 945 0 .659 0. 718
T T -0. 006 0. 091 -0 . 073 0. 811 1. 000 0. 241 0. 832 0. 546 0. 679
TS 0. 942 0 .406 -0 .6 7 0 0. 300 0. 241 1. 000 0. 089 -0 . 028 0. 357
T S O . 4 -0 . 202 -0 . 005 0. 015 0. 945 0. 832 0. 089 1. 000 0. 739 0. 623
s/c -0 .1 7 7 -0 .421 0. 148 0. 659 0. 546 -0 .0 2 8 0. 739 1. 000 0. 261




r a n g e s  f r o m  51. 18 p e r c e n t  fo r  th e  dep th  to  th e  top  of s a l t  to  a s  h igh  
a s  219. 58 p e r c e n t  fo r  the  a n h y d r i te  to  g y p su m  ra t io .
A s te p w ise  m u lt ip le  r e g r e s s io n  c o m p u te r  p r o g r a m  was 
em p lo y ed  to  d e te rm in e  if any r e la t io n s h ip s  e x is t  b e tw een  the  v a r ia b le s  
of T ab le  4. B rie f ly ,  th is  p r o g r a m  is a s t a t i s t i c a l  tec h n iq u e  fo r  
an a ly z in g  a  r e la t io n sh ip  b e tw ee n  a  dependen t v a r ia b le  (y) and  a  s e t  of 
in depend en t v a r ia b le s  (X^, X^, an<f fo r  se le c t in g  the  in d e p e n d ­
en t v a r i a b le s  in the  o r d e r  of th e i r  im p o r ta n c e .  The c r i t e r i o n 'o f  
im p o r ta n c e  is b a se d  on the  re d u c t io n  of su m s  of s q u a r e s ,  aod  the  
in d epend en t v a r ia b le  m o s t  im p o r ta n t  in th is  re d u c t io n  in  a  g iven  s te p  is  
e n te r e d  in to  the  r e g r e s s io n  (i. e. the  v a r ia b le  w ith  the  h ig h e s t  p a r t i a l  
c o r r e l a t io n  with the  dependen t v a r ia b le ) .  Any v a r ia b le  in  the  o r ig in a l  
s e t  c an  be  d e s ig n a te d  a s  th e  dependen t v a r ia b le .  T ab le  5 show s the  
dep en d en t v a r ia b le ,  th e  v a r ia b le s  d e le te d  and  the  independ en t v a r ia b le s  
in  o r d e r  of im p o r ta n c e  fo r  each  s e le c t io n .  T he  c o r r e l a t io n  c o e ff ic ien t  
m a t r i x  of a v e r a g e  li th o lo gy  d a ta  is  a ls o  shown in  T ab le  5. The top of 
c a p ro c k  b e s t  c o r r e l a t e s  w ith  th e  top of s a l t ,  a s  one would ex p ec t ,  and  
t h e r e  is  a  f a i r  n eg a tiv e  re la t io n s h ip  b e tw een  i t  and  the  g y p su m  th ic k n e s s .  
C a lc i te  th ic k n e s s  does not s t ro n g ly  c o r r e l a t e  w ith any  of th e  v a r i a b le s ,  
bu t d o es  show a  s l ig h t  p o s i t iv e  r e la t io n s h ip  w ith th e  top  of s a l t .
G y p su m  th ic k n e s s  is  n e g a t iv e ly  r e l a te d  to  th e  top of s a l t  and  so m e w h a t  
to  th e  a n h y d r i te  and  c a lc i t e  th ic k n e s s .  A n h y d rite  b e s t  c o m p a re s  to  the  
to ta l  c a p ro c k  th ic k n e s s  which in d ic a te s  th is  is  the  m o s t  abundan t
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litho logy . T h e re  i s  a v e ry  p o o r  r e la t io n s h ip  b e tw een  c a p ro c k  to ta l  
th ic k n e s s  and the  top of sa l t ,  ind ica ting  th a t  c a p ro c k  th ic k n e s s  is  not 
a  function  of depth fo r  th is  p a r t i c u l a r  se t  of sha llow  d o m es .  The 
to ta l  su lp h a te  (anhy d rite  + gypsum ) to c a rb o n a te  r a t io  r e l a t e s  s l ig h tly  
to  the to ta l  th ic k n e s s  and  ex h ib its  a w eak nega tive  t r e n d  when c o m ­
p a re d  to the  top of sa l t .  The a n h y d r i te  to gy p su m  r a t io  a ls o  show s a 
s l ig h t  r e la t io n s h ip  with to ta l  th ic k n e s s .
The sequ en ce  of litho logy  f ro m  the top of the c a p ro c k  to the 
b a s e  in  each  w e ll  ex am in ed  is  i l l u s t r a te d  in F ig u re  6. F la n k  w e l ls  
and c e n t r a l ly  lo c a te d  w e lls  in the c ap ro ck  have  a ls o  been  d if fe re n t ia te d  
in the  f ig u re .  As s u m m a r iz e d  by M u r ra y  (1966). a  m a tu r e  c a p ro c k  
would c o n s is t  of a  c a lc i t e - g y p s u m - a n h y d r i t e - s a l t ,  top to bo ttom , 
se q u en ce  of l itho logy . T h is  c o m p le te  se q u en ce  is  found in only 22 
p e rc e n t  of the  w e l ls  ex am in ed  w ith  a  g r e a t e r  p a r t  of th e s e  w e lls  be ing  
c e n t r a l ly  lo ca te d .  Six p e rc e n t  of the  w e lls  have  l i th o lo g ie s  w hich a r e  
not in th is  se q u e n t ia l  o rd e r :  c a lc i t e - a n h y d r i t e - g y p s u m - s a l t ,  in w hich
gyp sum  is  o v e r ly in g  a n h y d r i te .  A n h y d r i te -g y p s u m -s a l t  se q u en ce  and  
the  g y p s u m - c a l c i t e - s a l t  d is t r ib u t io n .  The re m a in in g  w e l ls  have  one 
o r  two ro c k  ty pes  m is s in g ,  but the  se q u en c e  r e m a in s  valid . A c a lc i t e -  
g y p s u m -s a l t  se q u en ce  is  the  m o s t  com m on  d i s t r ib u t io n  p r e s e n t .  It i s  
in te r e s t in g  to  note the l a r g e  p e rc e n ta g e  of w e lls  hav ing  only c a lc i te  
c a p ro c k  w ith  m o s t  of th e se  w e lls  lo c a te d  on the f lan k s .
F r o m  the fo rego ing  d is c u s s io n  it can  be se en  tha t  c a p ro c k  is  
qu ite  v a r ia b le  in  l itho logy  and  li th o lo g ic  seq u en ce .  F u r t h e r m o r e ,
Liholog ic  seq u en ce  f rom top











Cal= calc i te 
Gyp=gypsum 
Anhy = onhydr i t e
%  of t o t a l  num ber  (9 4 )  of wells  exam ined




Clear  space  id e n t i f i e s  to ta l  p e r c e n t a g e
Figure 6
G enera l ized  I ithology with Depth 
Sed im en ts  o m i t te d  for s im p l i f i c a t io n
v a r ia b i l i ty  of l i th o lo g ie s  a r e  even  m uch  g r e a t e r  w hen the  c a p ro c k  is  
s tu d ie d  in m o r e  d e ta i l .  F ig u re  7 d isp la y s  c o lu m n a r  s e c t io n s  of 
b o re h o le s  d r i l l e d  th ro u g h  the c a p ro c k  of ten  sa l t  d o m es .  Note the 
c e le s t i t e  zones  in w e l ls  9 and  10 a s  th is  m in e r a l  h a s  not been  
p re v io u s ly  no ted  in th is  g re a t  abundance . The se q u en c e  of l itho logy  
ty p es  is  not a s  s im p le  a s  m o s t  of the  l i t e r a t u r e  su g g e s ts  (ex. ,
M u r ra y ,  1966; H albouty , 1967). C o lu m n ar  s e c t io n s  show ing the 
l i th o lo g ic  v a r ia b i l i ty  of c a p ro c k  on a  s in g le  dom e is  i l l u s t r a t e d  in 
F ig u re  8. T ab le  25, page  187 u n d e r s c o r e s  the  fac t tha t  the  c a p ro c k  
on each  dom e is  not u n ifo rm  in e i t h e r  a  v e r t i c a l  o r  h o r iz o n ta l  
d i re c t io n .
T a b le s  6, 7 and  8 l i s t  the s t a t i s t i c a l  a n a ly s i s  of a  n u m b e r  of 
s a l t  dom e a s s o c i a t e d  v a r ia b le s  fo r  the  s t a te s  of T e x a s ,  L o u is ia n a  and 
M is s is s ip p i ,  r e s p e c t iv e ly .  The d a ta  u se d  in the  a n a ly s i s  w e r e  p r i m a r ­
ily  ob ta ined  f r o m  H aw kins and  J i r i k  (1966). Only th o se  d o m e s  w ith  
in fo rm a tio n  on a l l  v a r i a b le s  in e a c h  ta b le  w e re  a n a ly ze d .  C oun ties  in 
M is s i s s ip p i  w e re  g iven  an  a r b i t r a r y  n u m b e r  w hich i n c r e a s e d  in  value  
f ro m  sou th  to  n o r th  ( landw ard) and  w e re  c o m p a re d  w ith  the  o th e r  
v a r ia b le s  to d e te r m in e  if  any  g e o g ra p h ic a l  r e l a t io n s h ip s  e x is t .  It w as 
found th a t  in c re a s in g  c a p ro c k  th ic k n e s s  only s l ig h tly  r e l a t e s ,  in ­
v e r s e ly ,  to a la n d w a rd  d i re c t io n .
In c o m p a r in g  the th r e e  t a b le s  (6, 7 and  8) to g e th e r ,  c e r t a in  
t r e n d s  can  be  no ted . The top of c a p ro c k  and  top of sa l t  i n c r e a s e  in 












1- Ta tum Dome, F.S.Co. Wei I No.9
2 -  Hull Dome, F.S.Co. Wei I No.4
3 -  Bell Isle Dome,F.S.Co.Wei I No.2
4 -  Hockley Dome,FS.Co.Wei I No .6
5 -  S t r a t to n  Ridge Dome,Tolar  Wei I No. I
Figure 7
Columnar sect ions  showing li thologic var iabil i ty  of c ap ro c k  between dom es .








2 3 0 0
2 4 0 0
2 4 5 0
2 6 0 0
9
2 7 0 0
2 8 0 0
2 9 0 0
3 0 0 0
3 1 0 0
3 2 0 0
3 5 5 0
3 6 5 0
3 7 5 0
3 8 5 0
3 9 5 0
4 0 5 0
10
-t
6 - P i n e  P ra i r i e  Dome, F.S.Co. Wei I No 6
7 - Napoleonvil le Dome,F.S.Co.DSL Wei I No.I
8-  Minden Dome,Hudson Well No.2
9 - U t i c a  D om e,L .L i t t l e  Well No I
10-Kings Dome, Hal I Well No. I
Calc i t e
Gypsum
Anhydri te S h a l e  or gumbo
C e le s t i t e  S a l t











Calci te  K & l  A nh y d r i te  Sand
° y p su EHrj  S h a le  |+t+j S a l t
Figure 8
Columnar sec t ions  showing li thologic variabil i ty of caprock on a s ingle 















Mop showing the locations of 
Freeport Sulphur Co. wells 
on Alien Dome,Texas. 0  200  6 0 0  
i _ f e ' e t  1
TABLE 6
S ta tis t ic a l  A n a ly asis  of Data on T exas Salt D om es.
(Data ob tained  f ro m  H aw kins and J i r ik ,  1966)*
S tandard  Coeffic ient of
V ariable* Ab Mean Deviation V aria t ion  (°,
Top of cap rock TC 1081.02 1437.30 132.95
Top of sa l t TS 1609.18 1553.92 96. 56
C aprock  th ic k n ess^ TT 528.16 456. 33 86. 39
Date dom e w as d isc o v e re d Date 1912.42 14. 60 0. 76
Volumn of sa lt^ Vol 3. 71 4 .71 126.95
Oil p roduction^(x  10"^) O P 2543.51 4238 .94 166.65
1. 50 o b se rv a t io n s  2. TS m inus TC 3. E s t im a te d  f ro m  TS to a  depth of 10, 560ft. 4. C um ulative  p ro d , to  1964.
C o r re la t io n  M a tr ix
a r ia b le TC TS TT Date Vol O P
TC 1. 000 0. 956 0. 107 0. 536 -0 . 184 -0 . 109
TS 0. 956 1. 000 0. 393 0. 560
IDt''-•oi -0 .  109
TT 0. 107 0. 393 1. 000 0. 220
r-o•o1 -0 . 026
Date 0. 536 0. 560 0. 220 1. 000 0. 030 -0 . 320
Vol -0 . 184 -0 . 175 -0 . 017 0. 030 1. 000 0. 050
O P -0 . 109 -0 . 109 -0 . 016 -0 . 320 0. 050 1. 000
♦Only th o se  dom es w ith  in fo rm a tio n  on a ll  v a r ia b le s  w e re  an a ly zed .
u>oo
TABLE 7
S ta tis tic a l A n a ly sis  of D ata on L o u is ian a  Salt D om es (onshore)
(Data ob ta ined  f ro m  H aw kins and J i r ik ,  1966 and H albouty, 1967)*
V ariab le 1 Abb M ean
Standard
Deviation
Coeffic ient of 
V a r ia t io n  (%)
Top of c ap ro ck  
Top of sa l t 2C aprock  th ic k n ess  
Date dom e w as d isc o v e re d  
Volumn of Salt^
Oil p roduction^(x  10"^)
1. 35 o b se rv a t io n s  2. TS m inus TC 3. E s t im a te d  f r o m  TS to a  depth  of 10, 560 ft. 
4. C um ulative  p ro d , to 1 -1 -65
C o rre la t io n  M atr ix
TC 1866.09 1799.20 96.41
TS 2050.76 1716.42 83. 70
TT 335.63 275 .03 81 .94
Date 1920. 71 14. 19 0. 74
Vol 3. 81 3. 32 86. 91
OP 3420. 08 3370. 74 98. 56
ir iab le TC TS TT Date Vol OP
TC 1. 000 0 .896 -0 . 321 0. 364 -0 . 301 -0 . 121
TS 0 .896 1. 000 -0 . 226 0. 306 -0 . 288 -0 . 045
TT -0 . 321 -0 . 226 1. 000 -0 . 253 -0 . 068 -0 . 104
Date 0. 364 0. 306 -0 .2 5 3 1. 000 -0 . 004 -0 . 193
Vol -0 .3 0 1 -0 .2 8 8 -0 . 068 -0 . 004 1.000 0. 344
O P -0 . 121 -0 . 045 -0 . 104 -0. 193 0. 344 1. 000
♦Only th o se  dom es w ith  in fo rm a tio n  on a ll  v a r ia b le s  w e re  an a ly zed .
u>nO
TABLE 8
S ta tis t ic a l  A n a ly sis  of Data on M is s is s ip p i Salt D om es
(D ata ob ta ined  f ro m  H aw kins and J i r ik ,  1966)*
Standard  Coefficient  of
V ar iab le  1___________________Abbr.  Mean_______ Deviat ion______V ar ia t ion  (%)
Top of c a p ro c k  TC 2972.14  1483. 58 83. 56
Top of sa l t  TS 3313. 39 2362.81 71. 31
C apro ck  th ic k n es s^  T T  402 .47  306 .60  76 .17
Date dome w as  d i s c o v e r e d  Date 1945. 12 5. 53 0 .28
County Co ----  ----  ----
1. 49 o b se rv a t io n s  2. TS m inus  TC 3. Counties w e r e  given an  a r b i t r a r y  n u m b er  
which i n c r e a s e d  in value f r o m  south to no r th .
C o r re la t io n  M atr ix
Variable TC TS TT Date Co
TC 1. 000 0. 975 - 0 .4 6 0 0. 360 0. 204
TS 0.975 1. 000 - 0 .3 3 5 0. 356 0. 143
TT -0 .4 6 0 -0.  335 1. 000 -0.  110 -0. 331
Date 0. 360 0.356 -0 .  110 1. 000 0. 052
Co 0 .204 0. 143 -0.  331 0.052 1. 000
*Only th o se  dom es w ith  in fo rm a tio n  on a ll  v a r ia b le s  w e re  an a ly zed .
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e a s t  and  West f r o m  .Louisiana. The vo lum e of sa l t  shows a sl ight  
i n c r e a s e  going e a s t w a r d  and oil p ro d u c t io n  is  m o r e  p r o l i f i c  s u r ­
rounding  L o u is ia n a  sa l t  d o m es  than  in T e x a s  o r  M i s s i s s ip p i .  The 
t h ic k n e s s  of c a p ro c k  in L o u is ia n a  and  M i s s i s s i p p i  is  i n v e r s e l y  r e l a t e d  
to both  the  top of cap and top of sa l t ,  w h e r e a s  T e x a s  c a p r o c k  th ic k n e s s  
shows a p o s i t iv e  r e l a t i o n s h ip  to both of th e s e  v a r i a b l e s .
The t r i a n g u l a r  d i a g r a m  of F i g u r e  10 which i l l u s t r a t e s  c a l c i t e -  
g y p s u m - a n h y d r i t e  th ic k n e s s  r e l a t i o n s  fo r  e ac h  dom e  l i s t e d  in Table  4 
is  p lo t te d  in a  m a n n e r  to d i f f e r e n t i a t e  the  d o m e s  of each  s ta te .  The 
t h r e e  co m p o nen ts  of the  d i a g r a m  a r e  in fee t  un i ts .  M e a s u r e s  of the 
t h r e e  c o m p on en ts  w e r e  added,  c o n v e r te d  to p e r c e n t a g e s ,  and  p lo t ted  
a s  p o in ts  w ith in  the  t r i a n g le .  The d i a g r a m  (fig. 10) shows quite  a 
s c a t t e r  of p o in ts ,  ind ica t ing  th ic k n e s s  v a r i a b i l i ty  of the t h r e e  c o m ­
p on en ts .  M i s s i s s i p p i  c ap ro c k  p o in ts  do not s c a t t e r  a s  m uch  a s  the 
o th e r  two s t a t e s  s in c e  gy p su m  th ic k n e s s  in th is  s t a te  is a lw ays  l e s s  
th an  20 p e r c e n t  of the  to ta l  t h ic k n e s s .
The g e o g ra p h ic a l  d i s t r ib u t io n  of m o s t  of the  v a r i a b l e s  l i s t e d  
in T a b le  4 a r e  p lo t ted  on m a p s  of the  c o a s t a l  s t a t e s  in F i g u r e s  11 
th ro u gh  19. Depth  to the  top of sa l t  (fig. 11) d o es  not show any 
d i s t in c t iv e  p a t t e r n  excep t  the  g e n e r a l  t r e n d  of deepen ing  f r o m  w es t  to 
e a s t .  Th is  t r e n d  is  a l s o  a p p a r e n t  in F i g u r e  12 which  shows the top 
of c a p r o c k .  The g e o g ra p h ic a l  d i s t r ib u t io n  of c a p ro c k  th ic k n e s s  
(fig. 13) show s a g e n e r a l  t r e n d  of th icken ing  f r o m  w e s t  to e a s t  and
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Tr iangu la r  d iag ram  i l lu s t ra t ing  c a l c i t e -g y p s u m -a n h y d r i t e  th ickness  for  each  dome.
Data from Table 4
p o s s ib l y  the s a m e  t r e n d  f r o m  south to no r th .  F ig u r e  14 shows that  
the  c a lc i t e  c a p r o c k  i s  som ew hat  b e t t e r  deve loped  in M i s s i s s i p p i  and  
south L o u is ia n a  and  p o o r ly  deve loped  in T e x a s .  The d i s t r ib u t io n  of 
g y p su m  th ic k n e s s  c l e a r l y  in d ic a te s  an  e a s t  to w e s t  th ickening  t r e n d  
(fig. 15), whi le  the  a n h y d r i t e  th ic k n e s s  d i a g r a m  (fig. 16) shows no 
a p p a r e n t  t r e n d s  at  a lL  F ig u r e  17, i l l u s t r a t i n g  to ta l  su lpha te  
( an hy d r i te  + g y p su m ) ,  does  not d isp lay  any  a p p a r e n t  t r e n d s  e i t h e r .  
The  g e o g ra p h ic a l  d i s t r ib u t io n  of the a n h y d r i t e  to g yp su m  r a t i o  
d i a g r a m  (fig. 18) d i sp la y s  a low ra t io  fo r  m o s t  of the  d o m es  in the 
s t a t e s  of T ex as  and  L o u is ia n a ,  and a  f a i r l y  h igh  r a t i o  fo r  the 
M i s s i s s i p p i  d o m e s .  The to ta l  su lpha te  to c a lc i t e  th ic k n e s s  ra t io ,  
shown in F ig u r e  19, d i sp la y s  no d i s c e r n a b le  g e o g ra p h ic a l  t r e n d s ,  
ind ica t ing  the  v a r i a b i l i ty  of c a p ro c k  on do m es  lo c a te d  in s i m i l a r  
r e g io n s .
The c h a r a c t e r  of c a p ro c k  is v e r y  c o m plex  on a m e g a s c o p ic  
e x a m in a t io n .  The com p lex i ty  i n c r e a s e s  a s  c a p r o c k  is  s tud ied  in 
g r e a t e r  d e ta i l :  The v a r i e ty  of l i tho log ic  banding and v a r i a b le  n a tu r e  
of the  b o u n d a r i e s  be tw een  the bands ,  the  p r e s e n c e  of r e l a t i v e ly  l a r g e  
c o n c e n t r a t i o n s  of c e l e s t i t e  in M i s s i s s i p p i  cap ro ck ,  v a r i a b le  th ic k ­
n e s s e s  of s e d im e n t s  and  sa l t  in c ap ro c k ,  c r y s t a l  m orpho logy ,  the 
c h e m i s t r y  of the m i n e r a l s ,  s t r e s s  e f fec ts  and a hos t  of o th e r  f e a t u r e s  
a l l  add to th is  com plex i ty .  These  f e a t u r e s ,  am ong  o th e r s ,  w i l l  now 
be  d i s c u s s e d  in f u r t h e r  de ta i l .









Figurel l  Geographical  d i s t r i b u t i o n -  Top of s a l t ,  fee t  below s u r f a c e .  Data from Table 4






F ig u re l2  Geographica l  d i s t r i b u t i o n - Top of c a p r o c k . f e e t  below su r face .  Data f rom  T a b l e 4 


















Figure l3  Geographical d i s t r i b u t io n - Totol caprock th ickness .in feet.  Data from Table 4 
Symbols : O : 0-10 0 , 0 - 1 0 1 - 3 0 0 ,  A : 301 -  5 0 0 ,  A =  5 0 1 - 7 0 0 ,  □  =>701
Figure 14 Geographical  d is tr i  but  ion-  Cnlcite thickness , in fee t  .D a ta  from Table  4 
Sy mbols:  0 = 0 - 5 0 , 0 -  5 1 - 1 0 0 ,  A  ; I 0 I - I 5 0 ,  A  - 151-200,  D  = > 2 0 l
F i g u r e l5 Geographical  d i s t n  b u t i o n - Gypsum th ick n ess , in fee t .  Data from T a b l e 4 
S y m b o l s :0 = 0 - 5 0 ,  ,  - 5 1 - 10 0 ,  A : 101-150, £ : 1 5 1 - 2 0 0 , □  = > 201
o
Figure 16 Geographica l  disf n !vjt ion- Anhydrite th i c k n e s s .in f e e t .D n ta  from Table 4 










Figure 17 Geographical  d i s t r i b u t i o n - Totol su lpha te ,  in f e e t. ( a n h y d r i t e * g y p s u m  ) . Data from T a b l e 4 





Figure 18 Geographical d i s t r i b u t i o n - Anhydri te  :qypsum ra t io  Doto from Table 4 





y  Figure 19 Geographical  d i s t r i '
; \  S y m b o ls :0 = 0 - I .O ,C
'  }
> n - Total su lpha te  : colci te  thickness rat io  Data from Table 4 
-2 .0 , A = 2 . l - 5 . 0 , £ = > 5 . l
U1
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C a p r o c k - S e d im e n t  In te r face
T a y lo r  (1938) s t a t e s  " tha t  the  top of the c a p r o c k  of ten  m u s t  be 
e s t i m a t e d  b e c a u s e  of the  fa l s e  c a p ro c k  which g r a d e s  into  it, and  
b e c a u s e  of the  b ro k e n  o r  b r e c c i a t e d  condit ion  of the  c a p r o c k  i t s e l f .  " 
The t e r m  " f a l s e  c a p r o c k "  m a y  be app l ied  to those  s e d im e n t s ,  above 
o r  a ro u n d  the t r u e  c ap ro ck ,  which  have  been  in d u ra te d  and  often 
r e p l a c e d  by an  au th igen ic  cem en t  d e r iv e d  f r o m  t r u e  c a p ro c k  (W alker ,  
1968). The r e l a t i o n s h ip  be tw een  f a l s e  c a p ro c k  and t r u e  c a p ro c k  w il l  
be e x a m in e d  in a  l a t e r  sec t ion .  This  i n t e r f a c e  i s  i l l u s t r a t e d  in 
P l a t e  17, F i g u r e  2.
C a p ro ck  D e f o r m a t io n
T he  u p p e r  p o r t io n s  of the  c a p ro c k  on m o s t  of the  d o m e s  have  
been  h igh ly  b r e c c i a t e d ,  with b r e c c i a t i o n  g e n e r a l l y  d e c r e a s i n g  down­
w a r d  to w a rd  the sa l t .  The b r e c c i a  c l a s t s  in the  c a lc i t e  cap a r e  
u su a l ly  d a r k  in co lo r  and ra n g e  in s i z e  f r o m  m in u te  p a r t i c l e s  to 20 
c e n t i m e t e r s  o r  g r e a t e r  in t h e i r  long d im e n s ion .  The c l a s t s  can c o m ­
m only  be  f i t ted  to g e th e r ,  show l i t t le  con tac t  wi th  e ac h  o th e r ,  and 
a p p e a r  to " f loa t"  in a  m a t r i x  of a  white  to ye llow s e c o n d a r y  ca lc i t e .
G o ldm an  (1952) l i s t s  fo u r  m a j o r  ty pes  of s t r e s s  e f fe c t s  in the 
g y p su m  a n h y d r i t e  cap rock :  (1) m y lo n iz a t io n  and  " f low age" .  (2)
f au l t s ,  (3) s t r e s s  e f fec ts  a long s u r f a c e s  of w e a k n e s s  and  (4) s te e p  
and  i r r e g u l a r  gyps i f ied  f i s s u r e s .  The m o r e  c o m m o n  d e fo r m a t io n  
f e a t u r e s  no ted  d u r ing  th is  in v es t ig a t io n  a r e  d e s c r i b e d  below. T h ese
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f e a t u r e s  a r e  m o r e  l ike ly  to o c c u r  to w a rd  the uppe r  p o r t io n  of c ap ro ck ,  
but  they  a r e  not  r e s t r i c t e d  to th a t  p o r t io n  a s  they  a r e  noted  in a l l  
p a r t s  of the  c o n so l id a ted  cap.
"R ock  f low age" :  T h is  t e r m  do es  not m e a n  f lowage in a  p l a s t i c  s t a te ,  
but is  u se d  (Goldman,  1952) to d e s c r i b e  a p r o c e s s  tha t  invo lves  
f r a c t u r e  and d e fo r m a t io n  of the  c o n s t i tu e n t s  of a c a p ro c k  in which  the 
p a r t i c l e s  which  a r e  d i sp la c e d  with  r e s p e c t  to each  o th e r  a r e  d i s c e r n ­
ible  u n d e r  the  m ic r o s c o p e .  This  f e a t u r e  is  i l l u s t r a t e d  in P l a t e  15, 
F i g u r e  1.
M ylon iza t ion :  T h is  w as  p ro b a b ly  the  m o s t  s t r ik in g  f e a t u r e  noted.
M ylon iza t ion  i s  c ru sh in g  tha t  p r o d u c e s  c o n s t i tu e n ts  of a  r o c k  into  a  
f ine gouge and  it i s  u sua l ly  a c c o m p a n ie d  by bending,  f r a c t u r i n g  and 
f r a g m e n ta t i o n  of the  c r y s t a l s  not c o m p le te ly  p u lv e r i z e d .  An e x a m p le  
of m y lo n iz a t io n  is  shown in P l a t e  10, F i g u r e  3.
Fau l t in g :  T h is  s t r e s s  effect  w a s  found to r a n g e  with d i s p l a c e m e n t s  
of a t  l e a s t  s e v e r a l  fee t  to a s  s m a l l  a s  one m i l l i m e t e r  o r  l e s s .  The 
m ic r o f a u l t s  w e r e  the  m o s t  c o m m o n  f e a t u r e  and  w e r e  no ted  in m any  
of the  c a p r o c k  s p e c im e n s .  A ccom pany ing  the m ic ro fa u l t in g  t h e r e  is 
u su a l ly  m y lo n iz a t io n  and f r a c tu r in g .  One t h in - s e c t i o n  of c a p r o c k  
f r o m  the  A l len  Dom e,  T exas ,  con ta ins  a  m in i m u m  of e ight  m i c r o ­
fau l t s  (p la te  10, f igs .  3 and 4).
Fold ing:  A ccom pany ing  the d e fo r m a t io n  of c a p r o c k  m an y  ban d s  a r e  
folded,  u s u a l ly  on a  s e m i - m i c r o  s c a le .  M ic ro fo ld s  a r e  g e n e r a l l y
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v e r y  a s y m m e t r i c a l  on a  f a i r l y  l a r g e  s c a le ,  but a  c lo s e  v iew r e v e a l e d  
m a n y  ty p es  of fo lds  such  a s  r e c u m b e n t ,  i s o c l in a l  and  even d r a g  fo lds .  
Som e of the  fo lds  m a y  a c tu a l ly  be d e p o s i t io n a l  f e a t u r e s  a nd  not due to 
d e fo r m a t io n .  One of the  m ic r o f o ld s  is  i l l u s t r a t e d  in P l a t e  11, F i g u r e  4.
F r a c t u r e s :  A v e r y  co m m on  f e a t u r e  in c ap ro ck .  A l a r g e  p e r c e n t a g e  
of the  f r a c t u r e s  have  been  h e a le d ,  o r  a r e  in the  p r o c e s s  of being 
h e a l e d ,  by a  lalter g e n e r a t io n  of c o a r s e  c a lc i t e  (p la te  12, fig. 2) o r  
gy p sum .
S h e a r  zones :  T h e s e  zones  c o m p r i s e  an  a r e a  a d ja c e n t  to a  s h e a r  p lane ,  
an d  a r e  r e s t r i c t e d  to the ex ten t  of the  a f fe c te d  r o c k  on e i t h e r  s ide  of 
the  p lan e .  The r o c k s  n e a r  th is  zone a r e  often h igh ly  m y lo n iz ed  and  
c o n s i s t  of a  f ine m y lo n i te  m e a l ,  and o c c a s io n a l ly  con ta in  a  high 
c o n c e n t r a t io n  of o th e r  c a p r o c k  m i n e r a l s  (p la te  11, fig. 3).
G o ldm an  (1952), in s tudying the c a p r o c k  of Su lphur  Dome, 
L o u is ia n a ,  c o n c lu des  tha t  it  i s  not p o s s ib l e  to d e t e r m i n e  the dep th  at 
which  the  d e fo r m a t io n  took p la c e .  He a l s o  i n d ic a t e s  tha t  the  known 
e p is o d ic  m o v e m e n t  of sa l t  d o m e s  s u g g e s t s  that  t h e r e  p ro b a b ly  w e re  
p e r i o d s  of d e fo r m a t io n  at  d i f fe re n t  d ep ths .  P e r h a p s  a  pa leon to log ic  
s tudy  of the  s e d im e n t s  inc luded  in the  f r a c t u r e s  would a id  in d e t e r m i n ­
ing d e fo r m a t io n  dep th(s ) .
The  p r i n c i p a l  c a u se  of s t r e s s e s  which  have  r e s u l t e d  in 
c a p r o c k  d e f o r m a t io n  is  not c l e a r l y  u n d e rs to o d .  G o ldm an  (1952)
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and  B odenlos  (1970) b e l i e v e  tha t  the  p r i n c i p a l  c a u s e  is  p ro b a b ly  due to 
the  u p w a rd  m o v e m e n t  of the  dom e  p ush ing  the  c a p r o c k  a h e a d  of it  
a g a i n s t  the  r e s i s t a n c e  of the  o v e r ly in g  and su r ro u n d in g  b e d s .  It h a s  
b e en  su g g e s te d  (Hanna, 1953) tha t  the  r e m o v a l  of sa l t  by so lu t ion  
f o r m e d  in su f f ic ien t ly  o r  u n su p p o r te d  ro o fs  o v e r  th e s e  a r e a s  caus ing  
c o l l a p s e  of the  m a t e r i a l s  above ,  r e s u l t i n g  in a high d e g r e e  of 
d e fo r m a t io n  in the c ap ro ck .  T a y lo r  (1938) b e l ie v e s  that  the  s t r e s s e s  
th a t  have  d e f o r m e d  the c a p r o c k  r e s u l t  f r o m  both c o l lap se  and  u p th rus t .  
C a p r o c k - S a l t  In te r fac e
T h is  in t e r f a c e  m a y  be the  m o s t  im p o r t a n t  key  to a id  in the  
u n d e rs t a n d in g  of c a p ro c k  g e n e s i s .  The p r o c e s s e s  which take  p la c e  at 
th e  i n t e r f a c e  have  not been  fully  u n d e rs to o d .  A f a i r l y  co m p le te  in ­
v e s t ig a t io n  of the  c a p r o c k - s a l t  r e l a t i o n s h i p  h a s  ind ica ted  l a r g e  
m o r p h o lo g ic a l  and c h e m ic a l  ch an g e s  o c c u r  w ith in  a  s h o r t  d i s t a n c e  of 
the  i n t e r f a c e .  T hese  changes  w i l l  be  d i s c u s s e d  in d e ta i l  in the 
c a p ro c k  m in e r a l o g y  and  g e o c h e m i s t r y  sec t ion .
The u p p e r  s u r f a c e  of the  s a l t ,  upon which  c a p r o c k  u su a l ly  
f o r m s ,  is  qu i te  v a r i a b le  f r o m  d om e  to dom e.  It r a n g e s  f r o m  a  n e a r  
f la t  s u r f a c e  to a  h ighly  ro u nd ed  s u r f a c e ,  o r  m a y  be v e r y  i r r e g u l a r  
and a s y m m e t r i c a l .  S ince  c a p r o c k  can  f o r m  on any  of the  above  
s u r f a c e s ,  a  " so lu t io n  t a b le "  o r  f la t  s u r f a c e  i s  not  a  r e q u i r e m e n t  fo r  
i t s  fo rm a t io n .
G e n e ra l ly ,  the  i n t e r f a c e  i s  som e w h a t  g ra d a t io n a l ;  c h a r a c t e r ­
i z e d  by u n d i s so lv e d  sa l t  a t  the  bo t to m ,  g rad ing  u p w a rd  into a  zone of
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f r i a b l e  a n h y d r i t e  sand,  and f ina l ly  g rad ing  in to  the h a r d  a n hy d r i te  
cap ro c k .  It h a s  b een  r e p o r t e d  (T ay lo r ,  1938) tha t  when the in te r f a c e  
i s  e n c o u n te r e d  in d r i l l in g  a t  J e f f e r s o n  Is land  and  Lake  W ashington 
D o m e s ,  L o u is ia n a ,  a  cav i ty  of f r o m  a few in ch es  to  s e v e r a l  fee t  i s  
found. The c a p ro c k  m ay  a l s o  r e s t  d i r e c t l y  on the sa l t  with no 
in te rv e n in g  a n h y d r i t e  sand,  such  a s  a t  Hockley  Dom e,  T exas  
(T ea s ,  1931). Some do m es  have  e i t h e r  c a lc i t e  o r  gypsum  in contact  
with the  sa l t ,  f o r  ex am p le ;  D am on  Mound, T e x a s  and M cB r ide ,  
M is s i s s ip p i .
T a y lo r  (1938) r e m a r k e d  tha t  the l e a c h e d  condit ion of the  
u ncon so l id a te d  s e d im e n t s  c lo se  to the  f lanks  of sa l t  d o m e s  is  p ro b ab ly  
due to the u pw a rd  m o v e m e n t  of g round  w a t e r s ,  and  that  the s e d im e n ts  
f r e q u e n t ly  conta in  w a t e r - i n s o l u b le  r e s id u e  m i n e r a l s  f r o m  the sa l t .
He f u r t h e r  i n d ic a te s  that  the  sh a le  f r o m  n e a r  the  f lank of D a r r o w  
Dome, L o u is ia n a ,  con ta ins  so lu t io n -w o rn  a n h y d r i t e  g r a i n s  a t  a  depth 
of n e a r l y  8, 000 feet .
A  d i s c u s s i o n  by L ev i  S. Brown on h is  in v es t ig a t io n  of c a p ro c k  
(1931) fo l lows the r e p o r t .  A  p o r t io n  of th is  d i s c u s s i o n ,  which was 
d i r e c t e d  to Dr.  Goldman,  i s  a s  fo l lows:
I a m  f a m i l i a r  with  the  Hockley  s t r u c t u r e ,  and 
have  s tu d ied  the s a l t - a n h y d r i t e  contact  in  d e ta i l  a s  seen  
in the  m in e  shaft .  The h o r i z o n ta l  banding and  n a r r o w  
s a l t - b e a r i n g  t r a n s i t i o n  zone p a r a l l e l  w i th  the  contact  
a r e  w e l l  exem pl i f ied .  To m e  the con tac t  is  an  e x ce l len t  
i l l u s t r a t i o n  of a change of f a c ie s  in a  co n fo rm a b le  
s e r i e s ,  and  the p r e s e n c e  of s m a l l  q u a n t i t i e s  of the 
oppos i te  m i n e r a l  th rough  a s h o r t  d i s t a n c e  on each  s ide
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of the  contac t  i s  to be expec ted .  To a s s i g n  th is  
h o r i z o n ta l  banding to so lu t ion ,  and to r e g a r d  the  
t r a n s i t i o n  b o r d e r  a s  one in which the " r e m o v a l  of the  
sa l t .  . . .  is  not yet com ple te .  " to m y m ind  in t ro d u c e s  
an  u n n e c e s s a r y  and v e r y  com p l ica t in g  f a c to r ,  and  D r .
Goldm an  d e s i r e d  to lea v e  "out  of the  d i s c u s s i o n  the 
diff icult  q ues t ion  of the  o r ig in  and  c i r c u la t io n  of 
w a t e r s "  capab le  of p rod u c ing  such  so lut ion.
Thus,  the  e x is te n ce  of the  c a p r o c k - s a l t  i n t e r f a c e  h a s  been
re c o g n iz e d  fo r  y e a r s  a s  a c lue  to  u n d e rs tan d in g  the o r ig in  of c ap ro ck .
Many t h e o r i e s  of o r ig in  have been  p r i m a r i l y  b a s e d  on th is  i n t e r f a c e
a s  it w a s  o b s e r v e d  and i n t e r p r e t e d  by the v a r io u s  a u th o r s .  F. H.
L ah e e ,  in a  d i s c u s s io n  of the  s a m e  p a p e r  (Brown, 1931) m a k e s  a
s t a t e m e n t  which i s ,  in the  w r i t e r ' s  opinion, j u s t  a s  va l id  today a s
it w as  then.  L ah e e  s t a te s :
I should  l ike to m a k e  the sug g e s t io n  that  
i n v e s t i g a t o r s  of c a p - r o c k  m a t e r i a l  should  a l s o  s tudy 
and  a n a ly ze  the  u n de r ly in g  sa l t .  T h e r e  m a y  v e r y  
w e l l  be a gene t ic  r e l a t io n  be tw een  the two. F o r  th is  
r e a s o n ,  i n f e r e n c e s  and t h e o r i e s  b a s e d  on an  e x a m i n a ­
t ion  of the  c ap ro ck ,  u n le s s  su p p o r te d  by ev idence  
f r o m  the s a l t ,  m a y  p e r h a p s  be  in e r r o r .
C i r c u m j a c e n t  S e d im en ts
F i g u r e  20 i l l u s t r a t e s  an  id e a l i z e d  sa l t  d o m e  a nd  i ts  
su r ro u n d in g  s e d im e n ts .  K e r r  and  Kopp (1958) o b s e r v e d  b r e c c i a t i o n  
in d eep  (?)  sha le  s e c t io n s  s u r r o u n d in g  sa l t  d o m e s .  They  r e p o r t  
th a t  the  b r e c c i a t i o n  ex tends  l a t e r a l l y  a t  l e a s t  fo r  s e v e r a l  thousand  
fee t ,  wi th  an  a p p a r e n t  rough ly  c i r c u l a r  but som ew ha t  a s y m m e t r i c  
g ro u nd  p lan  which m a y  expand in depth. The c l a s t s  and  m a t r i x  a r e  
m in e r a l o g i c a l l y  s i m i l a r ,  and  s o m e  f r a g m e n t s  can be p ie c e d  to g e th e r .
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S a l t  Dome
Gouge
S ha le
Expanded  view of above  circ le
Figure 2 0
Idea l ized  s e c t io n  of a  s a l t  dome and c i r c u m j a c e n t  s e d i m e n t s . ( M o d i f i e d  
from Kerr  and K o p p , l 9 5 8  a n d  H a n n a ,  1 9 5 3 )
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They  concluded  tha t  the m e c h a n i s m  of fo r m a t io n  fo r  t h e s e  b r e c c i a s  
m a y  be  a  r e s u l t  of d o m a l  m o v e m e n t  e x e r t in g  an  upw ard  and  o u tw ard  
p r e s s u r e  which  e x c e e d s  the p r e s s u r e  of o v e rb u rd e n .
An a l t e r n a t e  idea is the  p o s s ib i l i ty  of o s m o t i c a l l y  d e r i v e d  
f lu id  p r e s s u r e ,  which  could e x c e e d  the p r e s s u r e  due to the  weight  of 
the  o v e rb u r d e n ,  could  r e s u l t  in b r e c c i a t i o n  of the  sha le .  O sm o t ic  
p r e s s u r e  i s  g e n e r a t e d  when two a q u i f e r s  of d i f f e re n t  s a l in i ty  a r e  
s e p a r a t e d  by a s e m i p e r m e a b l e  m e m b r a n e ,  which  would be geo log ica l ly ,  
a  f i n e - g r a i n e d  se d im e n t  (White, 1965). As a  r e s u l t ,  g r a d i e n t s  in 
h y d r a u l i c  h e ad  develop ,  in the  d i r e c t io n  of the  m o r e  s a l in e  a q u i f e r .
The t e r m  " g e o p r e s s u r e "  is  a pp l ied  to a b n o r m a l l y  h igh  s u b s u r f a c e  
f lu id  p r e s s u r e ,  and  h a s  been  def ined  a s  "any  p r e s s u r e  which  e x c e e d s  
the  h y d r o s t a t i c  p r e s s u r e  of a  co lum n  of w a t e r  con ta in ing  8 0 ,0 0 0  m g /1  
( m i l l i g r a m s  p e r  l i t e r )  to ta l  s o l id s "  (Dickinson,  1953).
A d ja ce n t  to the f lanks  of m a n y  sa l t  d o m e s  a r e  found sha le  
s h e a th s  c o m p o s e d  of f i n e - g r a i n e d  c layey  m a t e r i a l .  The gouge sha le ,  
o r  sh e a th ,  (F ig .  20) i s  qu i te  v a r i a b l e  in age  and th i c k n e s s  (M u r ra y ,  
1966), p ro b a b ly  r e s u l t i n g  f r o m  the m a t e r i a l  be ing  d r a g g e d  high above 
the  i m m e d i a t e  p o s i t io n  of the  u n d i s tu rb e d  equ iva len t  bed  d u r in g  d o m a l  
m o v e m e n t  (Hanna,  1953). Th is  sh a le  sh e a th  could  behave  a s  a  s e m i ­
p e r m e a b l e  m e m b r a n e  due  to i t s  f in e -g ra in e s s ,  p e r m i t t i n g  s e le c t iv e  
m o v e m e n t  of w a t e r  to w a rd  the sa l t  and  the de v e lo p m e n t  of o s m o t ic  
p r e s s u r e .
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D ia p i r i c  sha le  in con tac t  with  sa l t ,  both above  and a d ja c e n t  to, 
h a s  b een  no ted  at  a lm o s t  a l l  d o m e s  of L o u is ia n a ,  fo r  e x a m p le  a t  the 
Valen t ine  Dome (A twate r  and  F o r m a n ,  1959). T h is  sha le  m a y  have  
b e e n  d e r i v e d  f r o m  o sm o t ic  p r e s s u r e  d ev e loped  in  the  s a l t  dom e  a r e a .
S u m m a ry
C a p ro ck  is  an i r r e g u l a r  com p lex  of r o c k s  which  is p r e s e n t  on 
the  top. and  com m o n ly  on the  s id e s ,  of sa l t  d o m e s .  It is  c o m p o s e d  of 
p r e d o m i n a n t l y  m o n o m e r a l i c  zo nes  in which  a n h y d r i t e ,  c a l c i t e  o r  
g y p s u m  is  the  m a j o r  m in e r a l .  Zones  of c e l e s t i t e  (F ig .  7) have  a l s o  
b e en  found. C ap ro ck  shape  i s  h igh ly  v a r i a b l e  a n d  can be  p r e s e n t  on 
the  top. s i d e s  o r  beyond the edge  of the  sa l t  d om e.  L i tho logy  and 
l i tho lo g ic  seq u en c e  is qui te  com plex .  C a p ro ck  on one dom e m a y  be 
a l m o s t  e n t i r e l y  c a lc i te ,  w h e r e a s  a ne ig h b o r in g  do m e  h a s  a n h y d r i t e  
and  g y p s u m  a s  the only m i n e r a l s ,  and  a n o th e r  dom e  c lo se  by m a y  not 
h a v e  any  c ap ro c k .  T h e re  a r e  l a r g e  l i tho log ic  v a r i a t i o n s  of c a p ro c k  
on a s in g le  d o m e  such  a s  only c a lc i t e  in  one p a r t  of the c a p r o c k  and 
only  a n h y d r i t e  in a n o th e r  p a r t  o r  the  a l t e r n a t io n  of one l i thology with 
a n o t h e r  type  fo r  l a r g e  v e r t i c a l  i n t e r v a l s .
The c a p r o c k - s e d i m e n t  in t e r f a c e  is g r a d a t io n a l  due to the  
p r e s e n c e  of f a l s e  c ap rock .  D e fo rm a t io n  of c a p r o c k  i s  m o s t  p r o ­
n o u n c ed  in the  u p p e r  p o r t io n s  but is  not  r e s t r i c t e d  to t h e s e  a r e a s .
The c a p r o c k - s a l t  in te r f a c e  is a  m o s t  i m p o r t a n t  f e a t u r e  to a id  in the  
u n d e r s t a n d in g  of c a p ro c k  g e n e s i s .  T h is  in te r f a c e  i s  g e n e r a l l y
g r a d a t io n a l  in which  it g r a d e s  upw ard  f r o m  a f r i a b l e  a n h y d r i t e  sand 
into th e  h a r d  a n h y d r i t e  c ap ro ck .  E i t h e r  ca lc i te  o r  g y p su m  can a l s o  
be  in con tac t  with  the  sa l t .  A com p le te  d i s c u s s io n  of th i s  in t e r f a c e  
i s  p r e s e n t e d  in the  next  sec t ion .  The s e d im e n t s  c i r c u m j a c e n t  to sa l t  
d o m e s  a r e  g e n e r a l l y  som ew hat  b r e c c i a t e d  fo r  a t  l e a s t  s e v e r a l  
th o usan d  fee t  away  f r o m  the dom e.  Adjacen t  to the  f lanks  of m an y  
d o m e s  is  a  sh a le  sh e a th  which could behave  a s  a  s e m i p e r m e a b l e  
m e m b r a n e  and  p e r m i t  s e l e c t iv e  m o v em en t  of w a t e r  to w a rd  the sa l t  
and the d ev e lo p m en t  of o s m o t ic  p r e s s u r e s .  T h ese  p r e s s u r e s  m a y  be 
r e s p o n s ib l e  fo r  the  d i a p i r i c  s h a le s  found in  contact  with  m any  of the  
sa l t  d o m e s ,  and  the  sha le  i t s e l f  could s e r v e  a s  a m e m b r a n e .
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G e n e r a l  S ta te m en t
The m a j o r  m i n e r a l s  of the  c a p ro c k  f r a m e w o r k  a r e  su lp h a te s  
and  c a r b o n a t e s .  O th e r  a s s o c i a t e d  m i n e r a l s  inc lude  su lph ides ,  
a r s e n i d e s ,  h a l id e s ,  s i l i c a t e s ,  ox ides  and  a  n u m b e r  of p u r e  e l e m e n t s .
A l i s t  of m i n e r a l s  which  have  been  iden t i f ied  by v a r io u s  s tu d e n ts  of 
c a p r o c k  i s  p r e s e n t e d  in Table  9. . T h is  tab le  a l s o  t ab u la te s  the 
c o m m o n ly  no ted  c r y s t a l  h a b i t s  and a rough  e s t i m a t e  of r e l a t i v e  
o c c u r r e n c e  fo r  e a c h  m in e r a l .  Of the  t h i r t y  m i n e r a l s  l i s te d ,  only nine 
o r  ten  a r e  found in s ign i f ican t  q u a n t i t ie s .
A so m e w h a t  d e ta i l e d  d i s c u s s io n  of the  m o r e  co m m o n  m i n e r a l s  
w i l l  fol low. T h is  d i s c u s s i o n  w i l l  inc lude  such  a s p e c t s  a s  s p a t ia l  
d i s t r ib u t io n ,  ab un dance ,  age  r e l a t i o n s ,  c r y s t a l  m orph o log y ,  s t r e s s  
e f fe c t s ,  a l t e r a t i o n  a nd  r e p l a c e m e n t  f e a t u r e s ,  g e o c h e m i s t r y ,  banding 
and  the  a s s o c i a t i o n  with  o th e r  m i n e r a l s  and  s e d im e n t s .  The o r d e r  in 
which  the  m i n e r a l s  a r e  d i s c u s s e d  is b a s e d  on a  ty p ic a l  sequ en ce  
t h ro u g h  the c a p r o c k  f r o m  top to bo t to m .  A few of the  r a r e r  m i n e r a l s  
a r e  b r i e f l y  d i s c u s s e d  a t  the  end of the  se c t io n ,  a s  w e l l  a s  the s e d im e n t s  
found w i th in  the c a p ro c k .
A to t a l  of 118 s a m p le s  f r o m  9 sa l t  d o m e s  w e r e  a n a ly ze d  by 
x - r a y  f l u o r e s c e n c e  to d e t e r m i n e  m a j o r  and  t r a c e  e le m e n t  c o n c e n ­
t r a t i o n s  of Ca, S, Si,  K, F e ,  Zn, S r ,  Ti,  Mg and  Na. The da ta  
ob ta ined  f r o m  the  a n a l y s i s  is  l i s t e d  in T ab les  26 th rou g h  35, A ppendix  B.
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TABLE 9 
C aprock  M in e ra l s
M ine ra l_______  Composit ion________   Habit____________________________  O c cu r re n ce *
Anhydri te CaSO4 P r i s m a t i c ,  rad ia t ing ,  f ib rous ,  " s t e m  shaped" XXXXXX
B a r i te B aS O . 4 Radiating,  ta b u la r ,  ro se t te s ,  p r i s m a t i c XXX
C eles t i te S r S O . 4 Radiating,  f ib rous ,  m a s s iv e ,  tab u la r XXXX
Gypsum CaSO • 2 H .O  4 2 P r i s m a t i c ,  t ab u la r ,  f ib rous ,  m a s s iv e xxxxx
Calcite C a C 0 3 Rhom bohedra l ,  sca le n o h ed ra l ,  equant to b laded XXXXXX
Aragonite CaCOs T ab u la r ,  p r i s m a t i c XX
Dolomite (C a ,M g (C 0 3)2 R hom bohedra l XXXX
Stront ian i te S r C 0 3 A cicu la r XX
S ider i te F e C 0 3 Not r e p o r t e d X
Smith sonite Z n C 0 3 Not r e p o r te d X
P y r i t e
FeS2 Cubes,  p y r i to h e d ra l ,  o c ta h ed ra l xxxxx
M a r c a s i t e FeSz Not r e p o r t e d X
Galena PbS Cubes XX
Spha le r i te ZnS E a r th y XX
H auer i te m„s2 O ctahedra l X
Alabandite MnS T e t r a h e d r a l X
R e a lg a r
A82S2 P r i s m a t i c X
C halcopyr i te CuFeS2 M ass iv e X
Chalcoci te Cu£S M ass iv e X
M in e ra l
E n a rg i te
Hali te
F lu o r i te
H em at i te
Q uar tz
Kaolinite






Table  9 Continued
Habit
Cu AsS 3 4
NaCl
C a F 2
FC2 ° 3
S i° 2






P r i s m a t i c
Cubes
Cubes
E a r th y
T e r m in a te d  x ls .  , r o s e t t e s ,  chalcedonic  
T ab u la r ,  f ib rous  
Rhom bohedra l ,  p r i s m a t i c  
O r th o rho m bic  x ls ,  m a s s iv e  
Col loform  
As inc lus ions  (?)
As inc lus ions  (?)












♦XXXXXX v e ry  common; XXXXX common;  XXXX fa i r ly  common; XXX fa i r ly  r a r e ;  XX r a r e ;  
X v e ry  r a r e
O'cn
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C alc i te
M in e ra lo g y
T h is  m i n e r a l  is second  in abundance  to a n h y d r i t e .  .All of the 
c a p ro c k  s tud ied  conta in  l a r g e  a m o u n ts  of c a lc i t e .  and  it i s  the  m a j o r  
cem en t ing  m i n e r a l  of the f a l s e  c ap ro ck .  It is  m o s t  abundant  in the 
u pp e r  zones  of c a p ro c k  and is o c c a s io n a l ly  (16% of w e l l s  exam ined)  
the only m a j o r  m i n e r a l  cons t i tuen t  of c ap ro c k ,  such  a s  a t  M c B r id e  
and Utica D om es ,  M is s i s s i p p i .  C a lc i te  m a y  be found a s  a  m in o r  
component  in  any  of the l i tho log ie s ,  and c o n s t i tu en t s  f r o m  l e s s  than 
1 p e r c e n t  to som ew h a t  m o r e  than 98 p e r c e n t  by weight  of the  in d i ­
vidual  s p e c i m e n s  a s  d e t e r m i n e d  by a c id - in s o lu b le  t e s t s .  The c r y s t a l s  
v a ry  in s iz e  f r o m  n e a r  s u b m ic r o s c o p ic  to o v e r  12 m m .  in the  m a x ­
im u m  d im e n s io n .  The s iz e  of the  ind iv idua l  c r y s t a l s  is a p p a r e n t ly  
in d ica t ive  of r e l a t i v e  age  r e l a t i o n s h ip s :  The f ine ly  c r y s t a l l i n e  v a r i e ty  
i s  g e n e r a l l y  the  o ldes t  g e n e ra t io n  ca lc i t e  b e c a u s e  i t  is  n e v e r  found 
to be  cutt ing o th e r  m i n e r a l s  and  i s  g e n e r a l ly  the  m o s t  d e fo rm e d ;  
the c o a r s e l y  c r y s t a l l i n e  c a lc i t e  i s  a s s o c i a t e d  with the r e c e m e n ta t i o n  
of f r a c t u r e s  which m a y  cut e i t h e r  of the o th e r  two ty p es ;  an  i n t e r ­
m e d ia t e  to c o a r s e l y  c r y s t a l l i n e  c a lc i t e  m a y  be e i t h e r  o ld e r  o r  younger  
than  th e  r e c e m e n t i n g  c a lc i t e  b e c a u s e  of r e c r y s t a l l i z a t i o n  at  the e x ­
p e n s e  of e i t h e r  of the  above  m en t ion ed  v a r i e t i e s  (p la te  11, fig. 1).
C r y s t a l  m o rp h o lo g y  m a y  a id  in u n d e rs t a n d in g  the m ode  of 
f o r m a t io n  of c a l c i t e  (W alke r  and  P a u lso n ,  1970). M o rp ho lo g ica l
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f e a t u r e s  include  c r y s t a l  s i z e  and  shape ,  m a c r o s t r u c t u r e  and  m i c r o ­
s t r u c t u r e .  To define  th e se  f e a t u r e s ,  a  com bina t ion  of o p t ica l ,  and  
t r a n s m i s s i o n  and  scanning  e l e c t r o n  m i c r o s c o p e s  w e r e  em ployed .
S a m p le s  w e r e  ob ta ined  f r o m  the ca lc i te  zone in the  c a p r o c k  of Minden 
Dome, L o u is ia n a .
The Minden c a lc i t e  c a p ro c k  zone is  c o m p o sed  of e s s e n t i a l l y  
two p h a s e s  a s  d e t e r m i n e d  by x - r a y  d i f f rac t io n  and  op t ic a l  m i c r o s ­
copy; the  m a j o r  p h a s e  CaCO^ and the m in o r  p h a se ,  su lph u r .  T h e r e  
i s  an  a p p a r e n t  r e l a t io n s h ip  be tw een  the c o n c e n t r a t io n  of su lp h u r  and 
c a lc i t e  c r y s t a l  s ize ,  shape ,  s u r f a c e  m i c r o s t r u c t u r e  and  of ten  co lo r .
F iv e  ty p e s  of c r y s t a l s ,  e ach  d i f fe r ing  in s iz e  and  c o lo r  and  e a s i ly  
rec o g n ize d ,  w e r e  ch o sen  fo r  study. The am o u n t  of su lp h u r  r a n g e s  
f r o m  neg l ig ib le  to one p e r c e n t  by weight  in the c a lc i t e  a s  d e t e r m i n e d  
by x - r a y  f l u o r e s c e n c e .  C r y s t a l  s i z e  and  m a c r o s t r u c t u r e  w e r e  def ined  
with the  a id  of an  o p t ic a l  p o la r i z in g  m ic r o s c o p e .  Tab le  10 t a b u la te s  
the p r o p e r t i e s .
T A B L E  10 
C a lc i t e  C r y s t a l  P r o p e r t i e s  
( f r o m  W alk e r  and  P a u lso n ,  1970)
S ize  (mm) % S J>y wt. Shape C olor
9 Neg. Bladed White  to It.  b ro w n
7 0. 08 B laded  to equant Yellow
2 0. 18 Equant B ro w n
0. 3 0 .4 0 Equant G r a y  to  b lac k
0. 06 1. 00 Equant L t .  ye l low
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An i n v e r s e  r e l a t i o n s h ip  be tw een  i n c r e a s in g  su lp h u r  content  
with  i n c r e a s i n g  c r y s t a l  s i z e  i s  a p p a r e n t .  T h e r e  a l s o  a p p e a r s  to be 
so m e  c o r r e l a t i o n  b e tw ee n  c r y s t a l  co lo r  and  the  am o u n t  of su lph u r .
All  of the  c r y s t a l  v a r i e t i e s ,  r e g a r d l e s s  of t h e i r  ind iv idua l  p r o p e r t i e s ,  
a p p e a r  to hav e  b een  p r e c i p i t a t e d  in s i tu .  The two s m a l l e r  c r y s t a l ­
l ine  ty pes  a r e  u su a l ly  found in a l t e r n a t in g ,  f a i r l y  u n d i s tu r b e d  
h o r i z o n t a l  ban d s  (p la te  9. fig. 4). The l a r g e r  c r y s t a l s  a r e  m o s t  
often a s s o c i a t e d  with  f r a c t u r e  f i l l ing  in the  banded  c a p ro c k  and  m u s t  
be  of a  l a t e  g e n e r a t i o n  (pla te  5, fig. 2).
Since  su lp h u r ,  in any  ion ic  o r  e l e m e n t a l  f o r m ,  cannot  be 
a c c o m m o d a t e d  in to  the  c a lc i t e  l a t t i c e ,  it m u s t  a c t  a s  an  e x t e r n a l  
i m p u r i ty .  T h is  i m p u r i t y  i n c r e a s e s  the  e n e r g y  n e c e s s a r y  f o r  the 
m o v e m e n t  of a  g r a i n  b o un d a ry  and  in h ib i t s  c r y s t a l  growth .  The 
b o u n d a ry  e n e r g y  i s  d e c r e a s e d  when it r e a c h e s  an  i m p u r i t y  p r o p o r ­
t io n a l  to the c r o s s - s e c t i o n a l  a r e a  of the  i m p u r i t y  (K ingery ,  I960).
The b o u n d a ry  e n e r g y  m u s t  be i n c r e a s e d  a g a in  to pu l l  it  aw ay  f r o m  
the  i m p u r i t y .  Thus ,  when a n u m b e r  of i m p u r i t i e s  a r e  p r e s e n t  on a  
g r a i n  b o u n d a ry ,  i t s  n o r m a l  c u r v a t u r e  b e c o m e s  in su f f ic ien t  fo r  
con t inued  c r y s t a l  g row th  a f t e r  s o m e  l im i t in g  s i z e  i s  r e a c h e d .  It h a s  
b e en  no ted  th a t  th is  s i z e  is g iven  by
D ^  —
~  fd (1)
w h e r e  O i s  the  l im i t in g  g r a i n  s i z e ,  d i s  the  p a r t i c l e  s i z e  of the
im p u r i ty ,  and  f i s  the  vo lum e  f r a c t io n  of i m p u r i t i e s  (K ingery ,  I960).
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Although th is  r e la t io n s h ip  is  only a p p ro x im a te ,  it in d ic a te s  tha t the  
e f f e c t iv e n e s s  of im p u r i t ie s  i n c r e a s e s  a s  th e i r  p a r t i c l e  s iz e  is  
d e c r e a s e d  and  the  vo lum e f r a c t io n  i n c r e a s e s .
In th is  type of h e te ro g e n e o u s  c ry s ta l l i z a t io n  th e r e  i s  a  r e a c t io n  
in te r f a c e  be tw een  the d if fe re n t  p h a s e s .  In o r d e r  fo r  the  r e a c t io n  to 
p ro c e e d ,  t h r e e  s te p s  m u st tak e  p la c e  in  s e r i e s ;  m a t e r i a l  t r a n s p o r t  
to the  in te r f a c e ,  r e a c t io n  a t  the in te r f a c e ,  and  m o v em en t  of i m ­
p u r i t i e s  a s  g row th  p r o c e e d s .  A zonation  in  the  c r y s t a l s  o c c u r s  
b e c a u s e  the  supply  of su lp h u r  i s  p ro b a b ly  sp o ra d ic  du rin g  c r y s t a l  
g row th . T h is  zo n a t io n  can be se en  in  a l l  of th e  five s iz e s  of c a lc i te  
c r y s t a l s ,  bu t b e c o m e s  m o re  obvious a s  the  am o un t of im p u r i ty  in ­
c r e a s e s  (p la te  7, f ig s .  1 and  3; p la te  8, f ig s .  1 and  5; p la te  9, f ig s .  1 
and  4).
C a rb o n  double  r e p l i c a s  of p o l is h e d  an d  e tc h ed  s u r f a c e s ,  a s  
w e ll  a s  f r a c t u r e d  s u r f a c e s ,  w e re  e x am in e d  w ith  the  t r a n s m i s s io n  
e l e c t r o n  m ic r o s c o p e .  It w a s  found th a t  the  zo n es  a r e  a c tu a l ly  g row th  
l in e s  of t h r e e  o r d e r s  of m ag n itu d e .  F i r s t  o r d e r  g row th  l in e s  r e p r e s e n t  
the  in i t i a l  n u c le a t io n  of ind iv idu a l  c a lc i te  s c a le n o h e d ro n s  w hich  s h a r e  
co m m o n  c ry s ta l lo g ra p h ic  p la n e s ,  r e s u l t in g  in o p tic a l  con tinu ity  
(p la te  7, fig . 5; p la te  9. fig. 6). The s m a l l  am o un t of im p u r i ty  
p r e s e n t  d u r in g  c ry s ta l l i z a t io n  r e s u l t e d  in  only p a r t i a l  c o a le s c e n c e  of 
th e  c r y s t a l l i t e s  (p la te  7, fig . 6; p la te  9, fig . 7). Second  o r d e r  g row th  
l in e s  cou ld  e a s i ly  be se en  w ith  e i th e r  an  o p t ic a l  o r  scann ing  e le c t ro n
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m ic r o s c o p e  (p la te  7, f ig s .  3 and  4; p la te  8, f ig s .  5 and  6; p la te  9, 
f ig s . 1 th ro u g h  4). T h ese  second  o r d e r  g row th  l in e s  p ro b a b ly  
r e p r e s e n t  p e r io d s  of n o n c ry s ta l l iz a t io n  r e s u l t in g  f r o m  te m p o r a r y  
u n d e r s a tu r a t io n  of the  m o th e r  so lu tion  o r  a  p o s s ib le  in flux  of i m ­
p u r i ty  (su lphur)  r e s u l t in g  in e p h e m e r a l  d is e q u i l ib r iu m .  T h ird  o r d e r  
grow th  l in e s  a r e  the  o u te r  l im i t s  of o p t ic a l  con tinu ity , in o th e r  
w o rd s ,  the  c r y s t a l  b o u n d a ry  (p la te  7, f ig s .  1 and 7; p la te  9, f ig s .  1 
and 4).
F r a c t u r e d  s a m p le s  of the five ty p es  of c a lc i te  w e re  e x am in e d  
in  the  scann ing  e le c t r o n  m ic ro s c o p e  to d e te rm in e  g r a in  sh ap e  and i ts  
r e la t io n  to  the g row th  l in e s  and  su lp h u r  con ten t. The d om inan t shape  
i s  r h o m b o h e d ra l  in the  s m a l l e r  c r y s t a l s  (p la te  9, fig . 5), w hile  the 
l a r g e r  c r y s t a l s  a p p e a r  to  be a com bin a tion  of rh o m b o h e d ra l  and  
s c a le n o h e d ra l  f o r m s  (p la te  8, fig. 4).
I m p u r i t i e s ,  o th e r  than  su lp h u r ,  w il l  m o s t  l ik e ly  in f luen ce  
c a lc i te  c r y s t a l  m o rp h o lo g y  b e c a u se  of r e la t io n s h ip  (1). F in e ­
g ra in e d  p a r t i c u l a t e  m a te r i a l ,  such  a s  c lay , o r  even  h y d ro c a rb o n s ,  
p r e s e n t  d u r in g  c ry s ta l l i z a t io n  (p la te  23, fig. 5) m u s t  c o n tro l ,  to so m e  
d e g re e ,  the  m o rp h o lo g y .
Ind iv idua l c a lc i te  c r y s t a l s  su b je c te d  to s t r e s s e s  in the  c a p ro c k  
g e n e ra l ly  ex h ib i t .o n e  o r  the  o th e r  of two d i f fe re n t  d e fo rm a t io n  
f e a tu r e s ;  (1) f r a c t u r e  and  (2) induced  tw inning.
F r a c tu r in g  of the  c a lc i te  is  f a i r ly  com plex . The m a in  
f r a c t u r e s  a p p e a r  to  be c leavage  r e l a te d  (p la te  8, fig. 1), but m in o r
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f r a c t u r e s  do not show th is  r e la t io n sh ip  and  a r e  often  found t ren d in g  
in d i r e c t io n s  n o r m a l  to c r y s t a l  grow th  (p la te  8, fig. 5). M any of the 
l a r g e r  c a lc i te  c r y s t a l s  a r e  tw inned to v a ry in g  d e g re e s  (p la te  10, fig. 6). 
The tw inning  a p p e a r s  to be a s s o c ia t e d  w ith  so m e  type of s t r e s s  
f e a tu re  such  a s  s h e a r  zo n es ,  and  it is  p ro b a b le  tha t the d e g re e  of 
tw inning w as  d i r e c t ly  r e l a te d  to  the am oun t of s t r e s s .
O th e r  m in e r a l s  a r e  g e n e ra l ly  a s s o c ia te d ,  in  v a ry in g  a m o u n ts ,  
w ith  c a lc i te .  The a c id - in s o lu b le  r e s id u e  of the c a lc i te  c a p ro c k  f ro m  
two s a l t  d o m es  i l l u s t r a t e s  so m e  of the m o re  co m m on  a s s o c ia te d  
m in e r a l s  (p la te  14). The r e la t io n sh ip  b e tw een  c a lc i te  and  d o lo m ite  is  
of so m e  in t e r e s t  b e c a u se  the  p r e s e n c e  of th is  m in e r a l  in the  c a lc i te  
cap h a s  b e en  u se d  to su p p o rt  the  r e s id u a l  a c c u m u la t io n  o r ig in  th eo ry .  
T a y lo r  (1938) s t a te s  tha t the  d o lom ite  rh o m b s  have  a n u c le u s  of a 
w hite  o r  p a le -y e l lo w  su b s ta n c e ,  m uch  the  s a m e  a s  the  rh o m b s  in  the 
sa l t  and , th u s ,  a  r e s id u a l  d e r iv e d  f ro m  the  s a l t .  L e s s  th an  5 p e rc e n t  
of th e  d o lo m ite  rh o m b s  e x am in e d  in th is  study  d isp la y  any  n u c le u s ,  
a lthough  th o se  tha t do, m ay  in deed  be of r e s id u a l  o r ig in .  The l a r g e s t  
p e rc e n ta g e  of the  d o lo m ite  a s s o c ia t e d  w ith  c a lc i te  a p p e a r s  to  be 
e p ig e n e t ic  and  is re p la c in g  the c a lc i te  a s  shown by the  p r o g r e s s iv e  
d e s t ru c t io n  of the  m a t r ix  c a lc i te  (p la te  10. fig. 5).
P y r i t e  is  au th ig en ic  w ith  c a lc i te .  but m ay  show e i t h e r  a 
•y n g e n e t ic  o r  e p ig e n e t ic  re la t io n sh ip .  Syngene tic  p y r i te  o c c u r s  a s  
f in e ly - d is s e m in a te d  c r y s t a l s  in the  o ld es t  g e n e ra t io n  c a lc i te .  w hich
72
i s  co m m o n ly  the d a rk e r ,  f i n e r - g r a in e d  v a r i e ty  (p la te  5, fig. 1). 
F u r t h e r  e v id en ce  of th is  sy n g e n e t ic  r e la t io n s h ip  is  tha t  p y r i t e  n e i th e r  
is  r e p la c e d  by n o r  r e p l a c e s  c a lc i te .  E p ig e n e t ic  p y r i te  is  found a s ­
s o c ia te d  w ith  the s e c o n d a ry  f r a c t u r e  f i l l  c a lc i te  (p la te  11, fig. 51 o r  
l in ing  c a v i t ie s  in the c a lc i te  c a p ro c k  (p la te  11, fig. 6).
B a r i t e ,  l ike  p y r i te ,  can be  e i th e r  sy n g e n e t ic a l ly  o r  e p ig e n e t-  
ic a l ly  r e l a t e d  to  c a lc i te .  When the  m in e r a l  cu ts  a c r o s s  g row th  l in e s  
and  c r y s t a l  b o u n d a r ie s  of the c a lc i te ,  it is  p ro b a b ly  a r e p la c e m e n t  
f e a t u r e  (p la te  13, -figs. 1 and 2). C o n tem p o ran e o u s  d ep o s i t io n  is  
in d ic a te d  w hen the b a r i t e  i s  found in  the  g ro w th  l in e s  (p la te  \3 ,  f ig s .
3 an d  4). C e le s t i te  o c c u r s  p re d o m in a n t ly  a s  a  sy n g en e t ic  m in e r a l  
w ith  c a lc i te  a s  shown by th e i r  t e x tu r a l  r e la t io n s h ip  (p la te  6, fig . 3), 
and  on ly  o c c a s io n a l ly  is  a  r e p la c e m e n t  f e a tu r e  no ted . It i s  found a s  
d i s c r e e t  c r y s t a l s ,  o r  g ro u p s  of c r y s t a l s ,  in the c a lc i te  m a t r ix  
(P la te  6, f ig s .  2, 3, and 4), o r  can  a l t e r n a t e  in th in  bands w ith the 
c a lc i t e  (p la te  12, fig. 2\.
Both a n h y d r i te  and  g y p su m  a r e  found a s s o c ia t e d  with c a lc i te  
c a p ro c k ,  u su a l ly  in  s m a l l  a m o u n ts .  The m in e r a l s  can  be o ld e r ,  
y o u n g e r  o r  the  s a m e  age  a s  the  c a lc i te  m a t r ix ,  but g e n e ra l ly  show 
f e a t u r e s  su ch  a s  i r r e g u l a r  b o r d e r s  and  in c lu s io n s ,  w hich in d ica te  
th a t  th ey  a r e  be ing  p r e s e n t ly  r e p la c e d  by c a lc i te .
C a lc i te  w as  no ted  ir. m o s t  of the  a n h y d r i te  and  g y p su m  s a m p le s  
s tu d ie d ,  but only  a s  a  m in o r  c o n s t i tu en t .  It o c c u r s  a s  s m a l l  c r y s t a l s
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a long  c le av a g e  p la n e s  (p la te  15, fig. 4), a s  an  envelope  su r ro u n d in g  
d o lo m ite  r h c m b s  (p la te  16, fig . 1) and  a s  s in g le  c r y s t a l s  m  the 
su lp h a te  m a t r ix  (p la te  16, f ig s .  2 and  3). The s in g le  c r y s t a l s  
c o m m o n ly  co n ta in  a  d a rk  n u c le u s  w hich  h a s  the  a p p e a ra n c e  of o rg a n ic  
m a t t e r .  A f a i r l y  c o m p le te  d is c u s s io n  of c a lc i te  in  su lp h a te  c a p ro c k  
h a s  b e en  p r e s e n te d  by G oldm an  (1952).
The a s s o c ia t io n  b e tw een  c a lc i te  and  su lp h u r  h a s  been  p r e v i ­
ous ly  d i s c u s s e d .  To s u m m a r iz e ,  c a lc i te  r e p la c e s  a l l  of the c a p ro c k  
m in e r a l s  e x ce p t  the  su lf id e s  to v a ry in g  d e g re e s ,  and  is  o c c a s io n a l ly  
r e p la c e d  by su lp h u r .
G e o c h e m is t r y
T he v a r i a b i l i ty  of t r a c e  e le m e n ts  in c a lc i te  is  w e ll  i l l u s t r a t e d  
in  F ig u r e s  21 an d  22. As the  c a lc i te  zone is  not c o m p le te ly  m ono - 
m ln e r a l i c ,  th e  t r a c e  e le m e n t  d is t r ib u t io n  is  a  function  of both so lid  
so lu t io n  and  o th e r  m in o r  p h a s e s  p r e s e n t .  It is  b e liev e d  that m o s t  of 
th e  s i l i c a  i s  in  the  fo r m  of q u a r tz ,  i ro n  in p y r i te ,  su lp h u r  a s  an  
e x te r n a l  im p u r i ty  and  in p y r i te  and  m a g n e s iu m  in d o lo m ite .  O the r  
t r a c e  e le m e n t s  o c c u r  p re d o m in a n t ly  a s  i n t e r s t i t i a l  im p u r i t ie s  in 
c a lc i t e  a s  in  t r a c e  m in e r a l s  o r  in  so lid  so lu tion . The a v e r a g e s  of the  
a n a ly z e d  c o n s t i tu e n ts  is  shown in T ab le  11. The c o e f f ic ien ts  of 
v a r ia t io n  in d ic a te  tha t c a lc iu m , i r o n  and  so d iu m  r e m a in  f a i r ly  
c o n s ta n t ,  w h e r e a s  the  o th e r  e le m e n ts  a r e  qu ite  v a r ia b le ,  with s i l ic a  
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Figure 21
Minden Dome , J o n e s  No. I Wei I . Depth vs. Si-K20 - F e - Z n  in C0 CO3 CoprocK
zone
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Figure  22
M inden  O o m e ,  J o n e s  No. I Wel l .  D e p th  vs MgO-No20-Sr-Ti in C a C O j  Cap­
rock  zone .
TABLE 11
S ta tis tic a l A n a ly sis  of CaCO^ C aprock  C hem ica l D ata, M inden Dom e, L a.
S tandard  C oeffic ien t of
V ariab le M ean D eviation V aria t io n  (%) N= 19
CaO 52. 95* 3 .63 6. 85
S 0. 02* 0. 02 100
Si 720.47 1767.27 245. 29
K 137.05 91. 72 66. 92 *% value
Fe 170. 00 195. 06 11.47 O ther v a lues  in  ppm
Zn 257.26 174.92 67. 99
Sr 100. 95 79. 02 78. 27
Ti 491. 85 1058.70 215. 24
MgO 0. 54* 0. 36 66 .66
N azO 0 .8 2 * 0. 22 26 .82
C o rre la t io n  M a tr ix
V ariab le CaO S Si K F e Zn Sr Ti MgO Naz O
CaO 1.000 -0 . 774 -0 . 157 -0 . 026 0. 033 -0 . 675 -0 . 085 -0 . 543 0.369 0. 022
S -0 . 774 1. 000 0. 034 -0 . 304 -0 . 064 0. 661 -0 . 035 0 .404 -0 . 292 -0 . 220
Si -0 . 157 0. 034 1. 000 0. 096 0. 753 -0. 092 0. 082 -0 . 089 -0 . 099 0. 062
K -0 . 026 -0 . 304 0. 096 1. 000 0. 219 -0 . 101 -0 . 266 -0 . 253 -0 . 175 0 .249
F e 0. 033 -0 . 064 0. 753 0. 219 1. 000 -0. 317 -0 . 124 -0 . 178 0. 014 -0 . 062
Zn -0 .6 7 5 0. 661 -0 . 092 -0 . 101 -0 . 317 1. 000 0. 246 0. 360 -0 . 184 0. 095
Sr -0 . 085 -0 . 035 0. 082 -0 . 266 -0 .1 2 4 0. 246 1. 000 0. 070 0. 587 -0 . 020
Ti -0 . 543 0 .404 -0 . 089 -0 . 253 -0 . 178 0. 360 0. 070 1. 000 -0 . 095 -0 . 071
MgO 0. 369 -0. 292 -0 . 099 -0 . 175 0. 014 -0 . 184 0. 587 -0 . 095 1. 000 -0 . 373
N a2° 0. 022 -0 . 220 0. 062 0. 249 -0 . 062 0. 095 -0 . 020 -0 . 071 -0 . 373 1. 000
O '
e le m e n ts  i s  d isp la y e d  in  the  c o r r e l a t io n  m a t r ix  ( tab le  11): C a lc iu m  
is  in v e r s e ly  r e l a t e d  to  m o s t  of the o th e r  e le m e n ts  a s  w ould  be 
e xp ec ted ;  su lp h u r  show s a  f a i r  p o s i t iv e  c o r r e l a t io n  w ith  z inc ; s i l ic a  
r e l a t e s  f a i r ly  w e l l  w ith iro n ;  s t r o n t iu m  r e l a t e s  s l ig h tly  w ith  m a g n e ­
s iu m . The s i l ic a  and  i ro n  re la t io n s h ip  is  p ro b a b ly  due to  the  in ­
c o rp o ra t io n  of th e s e  e le m e n ts  f r o m  i n te r s t i t i a l  w a te r s  a t  the  t im e  of 
p re c ip i ta t io n .  The w a te r  q u a li ty  w ould change w ith  t im e  and  dep th , 
but the F e /S i  r a t io  should  r e m a in  about the  sa m e .  The s t r o n t iu m -  
m a g n e s iu m  r e la t io n s h ip  m ay  in d ic a te  a  s o u rc e  fo r  th e s e  e le m e n ts  f r o m  
p re e x is t in g  l im e s to n e s  o r  d o lo m ite s .  The Mg and  Sr w ould  be in ­
c o rp o ra te d  in  a  s i m i l a r  m a n n e r  a s  d e s c r ib e d  fo r  the  S i - F e  r e l a t i o n ­
sh ip . The r e la t io n s h ip  be tw een  su lp h u r  an d  z inc  i s  not u n d e rs to o d ,
and it  i s  p o s s ib le  th a t  no  t r u e  r e la t io n s h ip  does e x is t .
13 12C /  C r a t i o s  in c a lc i te  c a p ro c k  f ro m  a  n u m b e r  of d o m e s  
h av e  b een  found to  be c o n s id e ra b ly  lo w e r  than  the  r a t io s  fo r  n o r m a l  
c a rb o n a te  r o c k s  (F e l ly  and  Kulp, 1957; Downey, 1968). T h is  low 
r a t io  i s  a t t r ib u te d  to the in c o rp o ra t io n  of c a rb o n  d e r iv e d  f r o m  the 
ox idation  of o rg a n ic  m a t t e r .  H o w ev er ,  d i f fe re n t  g e n e ra t io n s  of 
c a lc i te  have  d i f fe re n t  c a rb o n  iso to p e  r a t io s  w ith in  a  s in g le  s a m p le .
Banding
Banding in the  c a lc i te  c a p ro c k  is  a  v e ry  com m on  fe a tu re .  One 
of the  m o s t  d i s t in c t iv e  p r o p e r t i e s  of th is  banding  is  th e  rh y th m ic  
a l t e rn a t io n  of c o lo r s  (p la te  5). The th ic k n e s s  of any  one band  m ay
ra n g e  f ro m  about 0 .2 5  m m . to  40 m m . o r  t h ic k e r .  In th e  l e s s e r  
d i s tu rb e d  p o r t io n s  of the  cap  th e  banding  i s  g e n e ra l ly  h o r iz o n ta l  o r  at 
a  s m a l l  ang le  f ro m  th e  h o r iz o n ta l .  The b ands  a r e  l im i te d  in  h o r iz o n ta l  
ex ten t  a s  th e y  t e r m in a t e  e i th e r  by p inch ing  out o r  by t r u n c a t io n  (p la te  5, 
f ig . 2). W hen v iew ed  c lo se ly ,  th e  bands show m a n y  i r r e g u l a r i t i e s  and  
c o n to r t io n s .  U nder the  m ic ro s c o p e  the  b ands  a p p e a r  to  g ra d e  in to  
one a n o th e r  and  a sh a rp  co n tac t  canno t be  found (p la te  9, fig . 4). 
C a v it ie s  l in e d  w ith  d r u s y  c a lc i te  a r e  c h a r a c t e r i s t i c  of th e  l igh t  bands 
w hile  th e  d a rk  bands a r e  u su a l ly  m o re  d ense  and m a y  c o n ta in  co n ­
s id e ra b le  p y r i t e .  T he  d a rk  b and s  a r e  som ew hat h a r d e r  (a g r e a t e r  
r e s i s t a n c e  to  a b ra s io n )  th an  the  w hite  bands a s  in d ic a te d  by the  fac t  
th a t  when the  b anded  ro ck  is  p o l ish ed ,  th e  l igh t bands a r e  u n d e rc u t  
leav in g  th e  d a rk  bands p ro tru d in g .
W hite b an d s  have  an a n o m a lo u s ly  h igh c o n c e n tra t io n  of t i ta n iu m  
(up to  3800 ppm ) but a r e  g e n e ra l ly  low in  su lp h u r  and i ro n .  D a r k e r  
bands a r e  c h a r a c t e r i z e d  by high  i ro n ,  su lp h u r  and often s i l ic a  but a r e  
low  in t i ta n iu m . C a lc ite  i s  u s u a l ly  the  on ly  m in e r a l  in  th e  w hite  
b a n d s .  Su lph ides (p red o m in an tly  p y r i te )  and so m e t im e s  o rg a n ic  
m a t t e r  g e n e r a l ly  c o n s t i tu te  m in o r  p h a s e s  in  th e  d a rk  banded  c a lc i te .
B row n  in  1931 a t t r ib u te d  th is  banding  to  d iffu s io na l  m o v em en t.  
S ince  th a t  t im e ,  l i t t l e  a t ten t io n  h a s  b een  g iven  to  th e  su b je c t .  A 
p o s s ib le  m e c h a n is m  of d iffusion  du rin g  e a r ly  d ia g e n e s is  w ould be th a t  
d is so lv e d  su lph ide  is  cap ab le  of d iffusing  out of o rg a n ic  r i c h  m a t e r i a l .  
D iag ene tic  m o d e ls ,  su p p o r ted  by e x p e r im e n ta t io n ,  d isp la y  f a c to r s
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a ffec ting  the  m ig r a t io n  of i ro n  and su lp h u r  w ith in  a n a e ro b ic  s e d im e n ts
(B e rn e r ,  1969). The m ode l w hich  a p p e a r s  to b e s t  exp la in  c a lc i te
c a p ro c k  band ing  f e a tu r e s  con ta ins  f ro m  fo u r - te n th s  to ten  t im e s
the r e a c t iv e  i ro n  c o n c e n tra t io n  o v e r  the in i t ia l  c o n c e n tra t io n  of
re d u c ib le  su lp h u r .  In th is  s i tu a t io n  the is  ab le  to d iffu se  out of
the  o rg a n ic  r ic h  l a y e r  only a f te r  so lub iliz ing  s p e c ie s  have  begun  to
b u ild  up f a i r ly  high d is so lv e d  i ro n  c o n c e n tra t io n s .  U n d e r  th e s e
cond it ions  t h e r e  m ay  be s teep  and a p p ro x im a te ly  eq ua l g ra d ie n ts  of 
+ +both F e  and  H^S p e rp e n d ic u la r  to the o rg a n ic  r ic h  l a y e r  r e s u l t in g  
in the i ro n  d iffus ing  upw ard  and the su lph ide  dow nw ard. B e r n e r  adds  
tha t due to  the  f a i r ly  high  in so lu b il i ty  of i ro n  su lph ide , the  c o n ­
c e n t ra t io n  p ro d u c e  of the  in te rd iffus ir .g  i ro n  and su lph ide  w ill  e x ceed  
the  so lu b il i ty  p ro d u c t  to a  su ff ic ien t d e g re e  so tha t i ro n  su lph ide  w ill  
p r e c ip i ta te  a t  so m e  po in t below  the o rg a n ic  r ic h  l a y e r ,  g iv ing r i s e  to  
a d a rk  l ie s e g a n g  band. A lte rn a tin g  bands m ay  then  r e s u l t  f ro m  
re p e a te d  in c r e a s e s  of in te rd if fu s in g  i ro n  and  su lph ide  c o n c e n tra t io n s  
s u c c e e d e d  by r e l i e f  of su p e r  s a tu ra t io n  by p re c ip i ta t io n .  B e rn e r  (1971) 
l i s t s  t h r e e  p r in c ip a l  f a c to r s  tha t  l im i t  the  am ount of p y r i te  w hich m ay  
fo rm ; (1) c o n c e n tra t io n  and r e a c t iv i ty  of i ro n  com pounds , (2) the 
a v a i la b i l i ty  of d is so lv e d  su lpha te  and  (J '  the c o n c e n tra t io n  of o rg a n ic  
m a te r i a l  w hich  can be u t i l iz e d  by su lp h a te - re d u c in g  b a c t e r i a  to 
p ro d u c e  H^S.
C a lc i te - s u lp h a te  in te r fa c e
The in te r f a c e  be tw een  c a lc i te  and  gy psu m  o r  c a lc i te  and
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a n h y d r i te  is  so m ew h at g ra d a t io n a l .  T a y lo r  (1938) s ta te s  th a t  " in  
m o s t  c a s e s  th e  a n h y d r i te  i s  not in  s h a r p  c o n tac t  w ith  th e  c a lc i te  zone, 
but g ra d e s  in to  it th ro u g h  a t r a n s i t i o n  zone of v a r ia b le  th ic k n e s s .  " 
M cL eod (I960) b e l ie v e s  th a t  t h e r e  i s  a  " r a t h e r  c o m p le te  s e p a ra t io n  
of th e  c a lc i te  l a y e r  f r o m  th e  a n h y d ri te  zone. " U n fo rtu n a te ly , only 
seven  s a m p le s  of th is  in te r f a c e  f ro m  s ix  d o m es  w e re  a v a i la b le  to  
the  w r i t e r ,  r e s u l t in g  in th a t  a g e n e ra l iz a t io n  m a y  not be s t a t i s t i c a l ly  
r e l ia b le .  A ll  of th e  s a m p le s  did show so m e  g ra d a t io n ,  but the  
t r a n s i t io n  zone n e v e r  ex ceeded  12 c e n t im e te r s  in  v e r t i c a l  d i s ta n c e  
and a v e ra g e d  a p p ro x im a te ly  l e s s  th an  2 c m . T h e  se q u en c e  of a l t e r ­
a tio n  o b se rv e d  is  th e  a n h y d r i te  g rad in g  u p w a rd  in to  a zone w h e re  
c a lc i te  a p p e a rs  along c leav ag e  t r a c e s  in  th e  a n h y d r i te .  F a r t h e r  u p ­
w a rd  th e  am ount of c a lc i te  i n c r e a s e s  to  a d e g re e  a t  w hich  abou t 40 
p e r c e n t  of th e  o r ig in a l  a n h y d r i te  r e m a in s .  At th is  po in t t h e r e  is  a 
f a i r l y  a b ru p t  change in  w hich  a n h y d r i te  a lm o s t  c o m p le te ly  d i s a p p e a r s  
and only  c a lc i te  is  p r e s e n t .  U pw ard  f r o m  th is  p o in t  t h e r e  i s  no e v i ­
dence  of any a n h y d r i te .  A l te rn a t in g  se q u e n c e s  of a n h y d r i t e - c a lc i t e  
c a p ro c k  in  one b o re  ho le  (Hull D om e, T e x . )  show ed a s i m i l a r  
p h eno m en a .
D olom ite
M in e ra lo g y
D olom ite  w as  no ted  in e a c h  c a p ro c k  in v e s t ig a te d .  It c o m ­
p r i s e s  up to  about 60 p e rc e n t  of so m e  zones  of c a p ro c k  and  is  on ly  a
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m in o r  c o n s t i tu e n t  in o th e r s .  It r a n g e s  in  s iz e  f r o m l e s s  th a n  0 .1  m m . 
up to  o c c a s io n a l ly  as  l a r g e  a s  1. 0 m m . , and a lw ay s d is p la y s  i t s  
c h a r a c t e r i s t i c  rh o m b o h e d ra l  fo rm .
T h e  m in e r a l  i s  one of th e  m a jo r  c o n s t i tu e n ts  in  th e  c a p ro c k  
in  a  200 foot se c t io n  of the  U tica  D om e, M is s i s s ip p i  and  in  a 160 foot 
s e c t io n  of th e  K ings D om e, M is s i s s ip p i .  H e re  d o lo m ite  is  a s s o c ia t e d  
w ith  c a lc i te  a n d /o r  c e le s t i t e .  P l a te  12, F ig u re  3 i l l u s t r a t e s  d o lo m ite  
in  a c e le s t i t e  m a t r ix ,  l e s s  th an  one p e r c e n t  c a lc i te  is  p r e s e n t .
C a lc i te  and  d o lom ite  of a p p ro x im a te ly  th e  s a m e  q u an ti ty  i s  shown in  
F ig u re  4 of th e  sa m e  p la te .
D o lom ite  a s  a m in o r  c o n s t i tu en t  in  c a p ro c k  is  v e r y  c o m m o n .
It  i s  s e e n  in a s s o c ia t io n  w ith  c a lc i te  a s  a c o n te m p o ra n e o u s  p r e c ip i t a te  
(no r e p la c e m e n t  o r  a l t e r a t io n  f e a tu r e s  noted) (P la te  10, f ig . 2), a 
r e p la c e m e n t  m in e r a l  of c a lc i te  (p la te  10, fig . 5) o r  a  c o n c e n tr a t io n  of 
rh o m b s  a long  s h e a r  p la n e s  (p la te  11, fig . 3). D o lo m ite  a p p e a r s  in  th e  
a n h y d r i te -g y p s u m  c a p ro c k  a s  d i s s e m in a te d  in d iv id ua l  c r y s t a l s .  It i s  
on ly  in  th i s  zone  w h e re  i t  i s  co m m on  fo r  the  rh o m b s  to  h ave  a  n u c le u s  
o f l ig h t  c o lo re d  m a t e r i a l  (p la te  16, fig . 1).
T e x tu r a l  ev id en ce  in d ic a te s  th a t  d o lo m ite  r e p l a c e s  c a lc i te  to  
v a ry in g  d e g re e s  and  p o s s ib ly  c e le s t i t e  and  b a r i t e  to  a  v e r y  s m a l l  
d e g re e .  It i s  r e p la c e d  by  c a lc i te  and  se ld o m  by g y p su m  and  b a r i t e .
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C e le s t i te
M in e ra lo g y
It is  b e l ie v e d  by the w r i t e r  that th is  is the  f i r s t  t im e  tha t  
c e le s t i t e  h a s  been  re c o g n iz e d  a s  a  m a jo r  c a p ro c k  m in e r a l .  P re v io u s  
l i t e r a t u r e  (T a y lo r ,  1938; B row n, 1931; Hanna and Wolf. 1934; et a l .  ) 
in d ic a te s  the  p r e s e n c e  of th is  m inera l. ,  but only in m in o r  q u a n t i t ie s .
The la r g e  c o n c e n tra t io n s  of c e le s t i te  a r e  found in the  c a p ro c k  
o v e rly in g  M is s i s s ip p i  d o m es ,  w h e re  it c o n s t i tu te s  o v e r  90 p e rc e n t  
in  so m e  p o r t io n s  of the  cap ro ck .
C e le s t i te  w as  id en tif ied  in th is  study  both o p t ic a l ly  and  by 
x - r a y  d i f f ra c t io n  a n a ly s i s .  The m in e r a l  is  u su a l ly  a s s o c i a t e d  with 
e i th e r  c a ic i te  o r  do lom ite  o r  both. When it is  one of the m a jo r  
m in e r a l s ,  it is  g e n e ra l ly  f ib ro u s  (p la te  12, fig. 3) o r in ra d ia t in g  
b la d e s  (p la te  12, f ig s .  5 and 6). D is s e m in a te d  th rou gho u t any  of the 
lithologi.es, c e le s t i t e  a p p e a r s  a s  ra d ia t in g  b lad e s  o r  a s  ta b u la r  
c r y s t a l s .  C e le s t i te  is  g e n e ra l ly  thought to o c c u r  a s  a c o p re c ip i ta te  
of the  a s s o c i a t e d  m in e r a l s  (see  p la te  6, f ig s .  2, 3 and 4 and  p la te  12, 
f ig . 2). T h is  r e la t io n s h ip  is  b a s e d  on su ch  t e x tu r a l  f e a t u r e s  a s ;  
co m m o n ly  c u rv e d  b o u n d a r ie s  be tw een  c e le s t i t e  and  o th e r  m in e r a l s ,  
the  ten d e n cy  fo r  the  a n g le s  of in te r s e c t io n  b e tw een  th r e e  c i y s t a l s  to  
be 120° an d  the  a l t e rn a t io n  of bands of c e le s t i t e  w ith  the  a s s o c i a t e d  
m in e r a l .  C e le s t i te  is  in f re q u e n tly  r e p la c e d  by c a ic i te ,  d o lo m ite  and  
su lp h u r  a n d  it s l ig h t ly  r e p la c e s  a n h y d r i te ,  g y p su m  and  c a ic i te .
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G e o c h e m is t ry
T h e  d is t r ib u t io n  of th i s  m in e r a l ,  a s  p re v io u s ly  s ta te d ,  is  
l a r g e ly  r e s t r i c t e d  to  c a p ro c k  of M is s i s s ip p i  d o m e s .  F ig u r e s  23 and 
24 i l l u s t r a t e  th e  c o n c e n tra t io n s  o f  five  e le m e n ts  a s s o c ia te d  w ith  
c e le s t i t e  in  two of th e s e  d o m e s .  T he  m i n e r a l  is  g e n e r a l ly  c h a r a c t e r ­
iz e d  by  f a i r l y  low  Si and K c o n c e n tra t io n s  and is  co m m o n ly  a s s o c ia t e d  
w ith  d o lo m ite .  Two q u e s t io n s  can  be  a s k e d  co n ce rn in g  th e  p r e s e n c e  
of th is  m in e r a l  in f a i r l y  l a rg e  q u a n ti t ie s :  (1) Why a r e  l a r g e  a m o u n ts
o f  c e le s t i t e  r e s t r i c t e d  to  th e  c a p ro c k  of M i s s i s s ip p i  d o m e s ?  and  (2) 
WTiat i s  th e  s o u rc e  of s t ro n t iu m ?
T h e  fo llow ing ex p lan a tio n  is  o f fe re d  a s  an  a n s w e r  to b o th  of 
th e s e  q u e s t io n s :  M is s i s s ip p i  d o m es  a r e  un ique  b e c a u s e  th e  m o th e r  
s a l t  i s  o v e r la in  by  a  s e r i e s  of c a rb o n a te  and  e v a p o r i te  f a c ie s  w h ich  
ra n g e  in  age  f r o m  U p per  J u r a s s i c  to  L o w e r  C re ta c e o u s .  T he  c a r b o n ­
a te s  a r e  c o m p o sed  of m a t e r i a l s  w hich  ra n g e  f ro m  o o l i te s  to  qu ie t  
w a te r  d o lo m it ic  b e d s .  R e ce n t  c a rb o n a te  a n a lo g u es  of the  above  f a c ie s  
c o n ta in  l a r g e  c o n c e n tra t io n s  of s t ro n t iu m :  B a h a m a  o o l i te s  c o n ta in  
abou t 10, 000 ppm ; r e e f  c o ra l  a ra g o n i te s  co n ta in  a ro u n d  8, 000 ppm ; 
a lg a l  a ra g o n i te s  co n ta in  about 9 ,0 0 0  ppm  S r ++ (K insm an , 1969).
D u rin g  d ia g e n e s is  of t h e s e  r e c e n t  a r a g o n i te s ,  the  S r++ 
con ten t d e c r e a s e s  w ith  in c r e a s in g  age  of the  r o c k s .  W 'aters  m ov ing
th ro u g h  t h e s e  c a rb o n a te  ro c k s  p r o g r e s s i v e l y  d is so lv e  th e  a ra g o n i te
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in  so lu tio n  p r o g r e s s iv e ly  in c r e a s in g .  W hen th e  so lu b il i ty  p ro d u c t  of 
c e le s t i t e  i s  re a c h e d ,  in the  c a p ro c k  fo rm in g  e n v iro n m e n t ,  i t  w ill  
beg in  p re c ip i ta t io n .  T he  s t ro n t iu m  to  c a lc iu m  ra t io  w il l  d e c r e a s e  
d u r in g  p re c ip i ta t io n  of c e l e s t i t e  to  a  poin t w h e re  th e  r a t io  w il l  r e a c h  
the  e q u il ib r iu m  v a lu e ,  and th en  e i th e r  CaCO^ o r  CaSO^ w ill  beg in  to 
p r e c ip i t a te .
T h u s ,  th e  p ro b a b le  m a jo r  s o u rc e  of s t ro n t iu m  in M is s i s s ip p i  
c a p ro c k  o r ig in a te s  f ro m  the  S r +* r e j e c t e d  f r o m  th e  c r y s t a l  la t t ic e  of 
a ra g o n i te  du rin g  c o n v e rs io n  to  c a ic i te  at th e  t im e ,  o r  s h o r t ly  b e fo re  
th e  t im e ,  of c a p ro c k  fo rm a t io n .  A m u c h  m o r e  m in o r  s o u rc e  of 
s t ro n t iu m  w ould  be  th e  Sr*"*" c o n ta in ed  in  th e  g roun d  w a te r s ,  w hich  
m a y  be  th e  p r i m a r y  s o u rc e  fo r  th e  r a r e  o c c u r r in g  c e le s t i t e  found in 
T e x a s  and  L o u is ia n a  c ap ro ck .
Banding
C e le s t i te  and c a ic i te  a r e  q u ite  co m m o n ly  no ted  in  a l te rn a t in g  
bands in  th e  c a p ro c k  of M is s i s s ip p i  d o m e s .  T he b and s  a l t e r n a te  f ro m  
a  d a rk  g ra y  to  w hite , each  a v e ra g in g  a p p ro x im a te ly  1. 5 m m .  in  w id th  
(p late  12, f ig . 2). T h e s e  bands w e re  o b s e rv e d  in  the  c a p ro c k  of 
O akley , C lem o n s  and U tica  D om es , M is s i s s ip p i ,  w ith  the  banded  
in te r v a l s  s o m e tim e s  exceed ing  100 fee t .
T h e  d a r k e r  b an d s  c o n s is t  m a in ly  of f in e ly - c r y s ta l l in e  c a ic i te ;  
th e  d a rk  c o lo r  re s u l t in g  f ro m  o rg a n ic  s ta in in g  a n d /o r  a g r e a t e r  
abundance  o f su lp h id es .  W hite bands a r e  co m p o sed  m a in ly  of
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b laded  and  so m ew hat r a d ia t in g  c e le s t i t e  c r y s t a l s .  The b o u n d a r ie s  
be tw een  th e s e  bands a r e  r.ot v e ry  d is t in c t  a s  the c e le s t i t e  and c a ic i te  
g ra d u a l ly  g ra d e  into one a n o th e r .  The a c c e s s o r y  m in e r a l s  a s s o c ia te d  
w ith  the ban d ed  c ap ro ck  include  q u a r tz  in about equa l  am o u n ts  01 
e u h e d ra l  c r y s t a l s  anc  r o s e t t e s ,  do lom ite  th o rn b s  w hich  have been  
p a r t i a l l y  r e p la c e d  by c a ic i te ,  p y r i te ,  gy psum  and a n h y d ri te .
The a l t e rn a t in g  bands of c e le s t i t e  and  c a ic i te  a r e  p ro b a b ly  due 
to  d i f f e r e n c e s  in th e i r  so lub ili ty , d iffusion  of s t r o n t iu m  out of c a ic i te  
in the  p r e s e n c e  of d is so lv e d  su lpha te  and  the p e r io d ic  build  up of 
s t ro n t iu m  by th is  d iffusion  a l te rn a t in g  w ith  a  lo w erin g  of the s t ro n t iu m  
c o n c e n tra t io n  by p re c ip i ta t io n .
C e le s t i te - a n h y d r i te  in te r fa c e
The in te r f a c e  be tw een  c e le s t i t e  and a n h y d r i te  is  g ra d a t io n a l .  
T h is  co n ta c t  w as  e x am in e d  in d e ta i l  in the c ap ro ck  of U tica  Dome. 
M is s i s s ip p i .  The f e a tu r e s ,  going down sec t io n ,  is a s  fo llow s: A t  
2795 fe e t  only c e le s t i t e  w as o b se rv e d ;  a t  2805 fee t c e le s t i t e  is  s t i l l  
the m a jo r  m in e r a l  and  c a ic i te ,  d o lo m ite  and  q u a r tz  a p p e a r  in m in o r  
q u a n t i t ie s ;  a t  2812 fee t  a n h y d r i te  w as f i r s t  no ted  and  con tinued  to 
i n c r e a s e  in ab und an ce  dow nw ard  to  a dep th  of 2825 fee t  w h e re  no 
c e le s t i t e  cou ld  be four.d; a t  2825 fee t and  dow nw ard , the  a n h y d r i te  
c o n ta in s  an  a n o m a lo u s  am ount of s t ro n t iu m  when c o m p a re d  to  the 
o th e r  a n a ly s e s  of c a p ro c k  a n h y d ri te  (see  ta b le  29 and  page 85).
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Ba r i te
M in e ra lo g y
B a r i te  w a s  no ted  in s m a l l  a m o u n ts  in m an y  of the  c a p ro c k  
s a m p le s .  It o c c u r s  p re d o m in a n t ly  a s  t a b u la r  to  p r i s m a t i c  c r y s t a l s  
(place 13; p la te  14, fig. 2), s o m e t im e s  a s  ra d ia t in g  b la d e s  and  r a r e l y  
a s  r o s e t t e s  (p la te  14. fig. 3). The c r y s t a l s  v a ry  in s iz e  f r o m  0. 1 m m . 
to l a r g e  b la d e s  o v e r  1. 5 m m . in th e i r  long d im e n s io n .
B a r i te  is  g e n e ra l ly  a s s o c ia t e d  w ith  the c a rb o n a te  m in e r a l s  and 
h a s  b e en  found to be a s s o c ia t e d  w ith  c e le s t i t e  in g y p su m  and  a n h y d r i te  
ro c k s  (G oldm an, 1952). T a y lo r  (1938) s t a te s  tha t  ta b u la r  c r y s t a l s  of 
b a r i t e  in a n h y d r i te  c a p ro c k  a r e  of the s a m e  age  a s  the  a n h y d r i te ,  
d o lo m ite ,  q u a r tz  and c e le s t i t e ,  a p p a re n t ly  in d ica tin g  the  m in e r a l  i s  of 
r e s id u a l  o r ig in .  B a r i t e  w as id en tif ie d  d u rin g  th is  s tudy  in  both 
sy n g e n e tic  and e p ig e n e t ic  r e la t io n s h ip s  w ith  the c a rb o n a te  m in e r a l s .
The m in e r a l  can  r e p la c e  o r  be r e p la c e d  by c a ic i te ,  d o lo m ite ,  su lp h u r  
o r  gy psum .
Su lphur
M in e ra lo g y
T h is  m in e r a l ,  in eco n o m ic  q u a n t i t ie s ,  is  l a r g e ly  r e s t r i c t e d  
to lo c a l  a r e a s  in  the c a p ro c k .  S m a ll  a m o u n ts  of su lp h u r  a r e  d i s ­
s e m in a te d  th roughou t the  c a rb o n a te  and  gy p su m  zo n es  an d  o c c a s io n a l ly  
in the  a n h y d r i te  c ap ro ck . The su lp h u r  o r e  z o n es  a r e  in v a r ia b ly  
a s s o c i a t e d  w ith  e i th e r  c a ic i te  o r  gy psu m . A  g y p su m  sa m p le  f r o m  the
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L ak e  W ashing ton  Dome, L o u is ia n a ,  co n ta in s  abou t 20 p e rc e n t  of the  
m in e r a l  (p la te  11, fig. 1). The o re  zone su lp h u r  d e p o s i ts  c o n s is t  of 
o r th o rh o m b ic  c r y s t a l s  which ra n g e  in s iz e  f r o m  v e ry  s m a l l  to o v e r  
18 m m . in  leng th , and have  been  r e p o r te d  to be a s  l a rg e  a s  3 cm . 
in  leng th  (T ay lo r ,  1938), Su lphur c r y s t a l s  a r e  g e n e ra l ly  found in 
c a v i t ie s  o r  along g r a in  b o u n d a r ie s  in the  h os t  ro c k .  D is s e m in a te d  
su lp h u r  o c c u r s  a s  v e ry  m inu te  p a r t i c l e s  (p la te  7, fig. 6) o r  o c c a s io n ­
a lly  a s  m a s s iv e  bun d les  oi c r y s t a l s  (p late  14, fig . 7). T he m in e r a l  
v a r i e s  in co lo r  f r o m  yellow  tc  g re e n is h -y e l lo w ,  and  co m m o n ly  c o n ­
ta in s  in c lu s io n s  of p y r i te ,  o rg a n ic  m a t t e r  o r  a n h y d r i te .
S u lphur is  m in ed  by the  F r a s c h  p r o c e s s  f r o m  s ix  sa l t  d o m es  
in T ex as  and  four in L o u is ia n a .  A v e rag e  y e a r ly  p ro d u c t io n  am o u n ts  
to  about 335 long tons of su lp h u r  p e r  dom e (tab le  12). The su lp h u r  
p ro d u c in g  d o m e s  a r e  r e la t iv e ly  sha llow , c a p ro c k  th ic k n e s s  is  s o m e ­
w hat g r e a t e r  when c o m p a re d  to  the nonproducing  d o m es  and  the d o m es  
a r e  u su a l ly  lo c a te d  n e a r  the c o a s t l in e .  T ab le  12 d isp la y s  a  c o r ­
r e la t io n  m a t r ix  of s ix  v a r ia b le s  a s s o c ia t e d  w ith s a l t  dom e su lp h u r  
p ro d u c t io n .  The data  f ro m  th is  tab le  in d ica te  tha t  su lp h u r  p ro d u c t io n  
do es  ne t s t ro n g ly  c o r r e l a t e  w ith  any  of the o th e r  v a r i a b le s  and  only 
s l ig h tly  c o r r e l a t e s  w ith d e c r e a s in g  d e g r e e s  of la t i tu d e .  The top  of 
s a l t  c o m p a r e s  m o re  fav o ra b ly  with to ta l  c a p ro c k  th ic k n e s s  on su lp h u r  
p ro d u c in g  d o m es  than  on the nonp rod uc ing  d o m es .
TA BLE 12
S ta tis t ic a l  A n a ly sis  of Salt Dome Sulphur P ro d u c tio n
(D ata ob ta ined  f ro m  H aw kins and J i r ik  (1966))
S tandard  C oeffic ien t of
V ariab le*_______________ A bbr._____ M ean_____ Deviation______V aria t io n  (%)
Top of cap ro ck  
Top of sa l t  
C aprock  th ic k n ess^
Oil p roduction^  (x 10"^)
Sulphur production"*
L atti tude  (°N)
1. 23 o b se rv a t io n s  1. TS m inus  TC 3. C um ulative  p ro d ,  to 1964 
4. A v e rag e  y e a r ly  p ro d ,  to  1964 (long tons)
C o r re la t io n  M a tr ix
TC 704.43 47 8 .69 67 .95
TS 1238.00 569. 59 46. 00
TT 533. 56 345 .24 64. 70
O P 2940. 17 3656 .10 124.34
SP 334.66 370.48 110.70
L at 29 .46 0. 39 1. 32
tr iab le TC TS TT O P SP L at
TC 1. 000 0. 797 -0 . 072 0. 150 0. 171 -0 .2 2 7
TS 0.797 1. 000 0. 545 0 .248 0. 128 -0 .0 5 4
TT -0 .0 7 2 0. 545 1. 000 0. 202 -0 . 026 0.225
O P 0. 150 0. 248 0. 202 1. 000 0. 197 0. 120
SP 0. 171 0. 128 -0 . 026 0. 197 1. 000 -0 .2 3 0
L a t -0 .2 2 1 -0 . 054 0.225 0. 120 -0 .2 3 0 1.000
vOo
G e o c h e m is t ry
S u lphur, w hich  is  c cm m o n ly  p r e s e n t  in c a p ro c k .  is  thought 
to be an  a l t e r a t io n  p ro d u c t  f r o m  the  re d u c t io n  of a n h y d r i te  (F e e ly  
and  Kulp, 1957). The red u c in g  ager.t in the  a l t e r a t io n  p r o c e s s  m ay  
be h y d ro c a rb o n s  o r  de*d o rg a n ic  m a t t e r ,  a id ed  by s u lp h a te - re d u c in g  
a n a e ro b ic  b a c t e r i a .  One type of su lp h a te  re d u c t io n  r e a c t io n  m ay  be
CH + CaSO  aC e r i a  •- H S + CaCO + H O (2)
4  4  Z 3 Z
in w h ich  m e th a n e  is  u s e d  only fo r  s im p lic i ty .  E le m e n ta l  su lp h u r  m ay
l a t e r  be fo r m e d  by the p ro d u c e d  in equa tion  (2) being  re o x id iz e d
by r e a c t io n  w ith  m o re  su lpha te  ion (F e e ly  and  Kulp, 1957). They
show  th a t  the r e a c t io n  in th is  c a se  is :
S 0 4 = + 3H2S ~ - - N  4S° + 2Hz O + 20H " (3)
D av is  and  o th e r s  (1^70) in d ica te  th a t  h y d ro g en  su lp h id e  is  not ox id ized  
by  su lp h a te  ion s  u n d e r  the  cond itions  p ro p o se d  by F e e ly  and  Kulp 
(1957). T hey b e l ie v e  that a c id  cond itions  would be m o re  fa v o ra b le  
th e rm o d y n a m ic a l ly  fo r  the  su lpha te  to  be re d u c e d  to  su lp h u r  in th is  
type  re a c t io n ,
SG4 = + 3H2'i + 2H+ ~~~ N 4S° + 4H2 0  (4)
but a c id  cond itions  do not e x is t  in c a p ro c k .  When the  C a S 0 4 is  
re d u c e d  by b a c t e r i a  to  H 2S, the  pH in c r e a s e s ,  r a t h e r  than  b eco m ing  
a c id ic ,  due to h y d ro ly s i s  of c a ic i te  f o rm e d  by the  r e a c t io n  of c a lc iu m  
ion w ith  aq u eo u s  c a rb o n  d iox ide  (D avis , e t a l .  , 1970). T hey su g g es t
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tha t  a  deep , a n a e ro b ic  oxidation  of H S by su lp h a te  iar.s is  not an
I ^
a c c e p ta b le  ex p la n a t io n  fo r  th  ̂ or*' T;n of the  su lp h u r ,  but th a t  the  
su lp h u r  i s  f o rm e d  w ith in  1, 000 fee t  of the  s u r f a c e  due to co n tac t  of 
h y d ro g e n  su lph ide  w ith  oxygenated  g ro u n d w a te r  in th is  type of 
r e a c t io n :
2 H 2 5  + ° 2  v 2 S °  + 2 H 2 °  (5)
Gyp su m
M in e ra lo g y
T he  li th o lo gy  da ta  of T ab les  4 and  5 show that gy psu m  is  found 
on only a  l i t t l e  o v e r  h a lf  of the d o m es  s tud ied . The th ic k n e s s  of 
g y p su m  is  qu ite  v a r ia b le ,  hav ing  a coeff ic ien t  of v a r ia t io n  of 120 
p e r c e n t ,  c o n s id e ra b ly  g r e a t e r  than  the  co effic ien t fo r  c a ic i te  th ic k n e s s  
and  so m e w h a t  g r e a t e r  than  the  coeffic ien t fo r  a n h y d r i te  th ic k n e s s .  
G y p su m  th ic k n e s s  g e n e ra l ly  i n c r e a s e s  f r o m  an  e a s t  to w est d i r e c t io n  
w ith  T e x a s  d o m e s  hav ing  the  g r e a te s t  am oun t of the  m in e ra l .  F r o m  
T ab le  4, p ag e  27 an d  F ig u re  10. page  42 it can be se e n  that gy psu m  
n e v e r  e x c e e d s  75 p e rc e n t  of the  to ta l  c a p ro c k  on any  of the d o m e s .
The m in e r a l  c o m p r i s e s  l e s s  than  15 p e rc e n t  of the to ta l  c a p ro c k  
th ic k n e s s  on a n y  M is s i s s ip p i  d o m e , w hile  L o u is ia n a  and  T ex as  d o m es  
m a y  h a v e  g y p su m  th ic k n e s s e s  c o m p r is in g  f ro m  0 to 75 p e rc e n t  of the 
to ta l  th ic k n e s s .
G y p su m  o c c u r s  a s  p r i s m a t i c ,  ta b u la r  and  f ib ro u s  c r y s t a l s .
The t a b u la r  s e le n i te  v a r ie ty  is  the m o s t  com m on  f o r m  with the
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c r y s t a l s  ran g in g  ir: s iz e  f r o m  l e s s  than  1 m m . to  8 m m . in  th e i r  long 
d im e n s io n .  M in e ra ls  a s s o c ia te d  •with gy p su m  inc lude  c a ic i te ,  which 
is  u su a l ly  no ted  to be  re p la c in g  the  gyp sum  (p la te  15, f ig s .  3 and  4) 
and s o m e t im e s  in an  a p p a re n t  sy n g e n e tic  r e la t io n s h ip  w ith  gypsum  
(p late  16, f ig s .  2 and  3); d o lom ite  (p la te  16, fig. 1), a ra g o n i te  
(p la te  16, fig. 4), b a r i t e  (p late  16, fig. 5), su lp h u r  (p la te  17, fig. 1) 
p lu s  a  few r a r e r  m in e r a l s .
A n h y d r i te  c r y s t a l s  b rough t up to the  s u r f a c e  by a b r in e  w ell  
on the  C hoctaw  D om e, L o u is ia n a  a r e  d isp lay e d  in P la te  18, F ig u r e s  
4, 5 and  6. The c r y s t a l s  w e re  le f t  on the s u r f a c e  fo r  an  u n d e te rm in e d  
am ou n t of t im e ,  and  have  s in ce  been  cem en ted  to g e th e r  by gypsum .
T h is  ro c k  w as  ex am in ed  to d e te rm in e  if any  s i m i l a r i t i e s  e x is t  
b e tw een  the  ro c k  fo rm e d  on the s u r f a c e  and the c a p ro c k  a n h y d ri te .
The c r y s t a l s  show som e so lu tion  f e a tu r e s  and a r e  c e m e n te d  only w h e re  
th ey  a r e  in c o n tac t  w ith  e ac h  o th e r .  Given som e  am o un t of t im e ,  they  
m a y  co m p le te ly  c o a le s c e  and fo rm  a  so lid  g y p su m  ro ck ;  p e rh a p s  
s i m i l a r  in  m o rp h o lo g y  to the g y p su m  c ap ro ck . S ince  t e m p e r a tu r e ,  
p r e s s u r e  and  c h e m ic a l  cond itions  a r e  so  d if fe re n t  in the  two ro ck  
fo rm in g  e n v iro n m e n ts ,  any  f u r th e r  c o m p a r is o n s  would p ro b a b ly  be 
inv a lid .
G e o c h e m is t ry
The l a r g e s t  p e rc e n ta g e  c f  g y p su m  r e s u l te d  f r o m  the  d i r e c t  
a l t e r a t io n  f r o m  a n h y d r i te  w ith  a  s m a l l e r  am o un t of the  m in e r a l
r e s u l t in g  f r o m  d i r e c t  p re c ip i ta t io n .  T he  h y d ra t io n  of a n h y d r i te  to 
f o r m  g y p su m  r a r e l y  p ro c e e d s  a t  d ep th s  g r e a t e r  than  1820 fee t 
(M acD onald , 1953). G ypsum  th ic k n e s s  show s a f a i r ly  good in v e r s e  
r e l a t io n s h ip  w ith  bo th  the depth  to  the  top  of c a p ro c k  and top of s a l t  
( tab le  5) w hich  in d ic a te s  that the  p r o c e s s  of h y d ra t io n  w ith  dep th  i s  
in c r e a s in g ly  l e s s  e ffe c t iv e .  The r e a d e r  i s  r e f e r r e d  to  G oldm an 
(1952) fo r  f u r th e r  in fo rm a tio n  r e g a rd in g  the  p r o c e s s  and f e a tu r e s  of 
g y p s if ica tio n .
A n h y d r i te
M in e ra lo g y
A n h y d rite  i s  the  m o s t  abundan t m in e r a l  w ith  r e s p e c t  to  the  
to ta l  n u m b e r  of d o m e s  w hich have  c a p ro c k ,  h o w e v e r ,  a  few  d o m e s  
w ith  c a p ro c k  do not con ta in  th is  m in e r a l  in any  of the  w e l ls  ex am in ed  
( tab le  4). A n h y d r i te  th ic k n e s s  a v e r a g e s  a p p ro x im a te ly  220 fee t  th ick  
on the  d o m e s  l i s t e d  in T ab le  4, but the  th ic k n e s s  is  qu ite  v a r ia b le  
f r o m  d o m e  to  d o m e  a s  w e ll  a s  on an y  one s ing le  dom e. A n h y d rite  is 
m o s t  co m m o n ly  found in the lo w e r  p o r t io n s  of c a p ro c k .  a lthough  i t  is  
not r e s t r i c t e d  to th is  a r e a ,  and is  o c c a s io n a l ly  found in  r e la t iv e ly  
s m a l l e r  q u a n t i t ie s  a s s o c ia t e d  w ith  o th e r  m a jo r  m in e r a l s .
A n h y d r i te  o c c u r s  in a  n u m b e r  of f o r m s ;  p r i s m a t i c ,  ra d ia t in g ,  
f ib ro u s  an d  " s t e m  sh a p e d " .  The p r i s m a t i c  v a r ie ty  is  c h a r a c t e r i s t i c  
of m o s t  of th e  m a s s iv e  a n h y d r i te  c a p ro c k ,  often  r e f e r r e d  to  a s  
•' s a c  c h a r  c id a l"  (T a y lo r ,  1938) or " p i le - o f - b r ic k "  s t r u c tu r e  (Brow n,
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1931). The ''ftfcm sh ap ed "  a n h y d r i te  w a s  noted  by the  w r i t e r  to  be  
only  p r e s e n t  in  the  c a p r o c k - s a l t  in te r f a c e ,  both  in  the  sa l t  and  
d i r e c t ly  abo ve  the  s a l t ,  and  a  s e a r c h  of the l i t e r a t u r e  did not r e v e a l  
any  m en tio n  of th is  fo r m  in the  m a s s iv e  a n h y d r i te .
The m a s s iv e  a n h y d r i te  c a p ro c k  is  c h a r a c t e r i s e d  by p r i s m a t i c  
c r y s t a l s  w hich  v a ry  in  s iz e  f r o m  about 0. 05 m m . up to 2. 1 m m . in 
t h e i r  long d im e n s io n .  The c o lo r  of the  m in e r a l  in th in - s e c t io n  v a r i e s  
f r o m  n e a r ly  c o lo r l e s s  to a  ligh t b ro w n . The a n h y d r i te  c r y s t a l s  fo r m  
an  in te r lo c k in g  m o s a ic ,  r e s u l t in g  in low p o ro s i ty ,  and  exh ib it  a 
s l ig h t  p r e f e r r e d  o r ie n ta t io n  t re n d in g  in  a h o r iz o n ta l  d i r e c t io n  (p la te  18, 
f ig s .  1, 2 and  3). C o a le sc e n c e  of c r y s t a l s  h a s  r e s u l te d  in f a i r ly  
in d is t in c t  b o u n d a r ie s  when a f r a c t u r e d  s u r f a c e  of the  ro c k  is  e x ­
a m in e d  (p la te  19, f ig s .  1 th roug h  5). C leavage  f r a g m e n ts ,  and  p o s ­
s ib ly  in d iv id u a l  c r y s t a l s ,  f r o m  a c ru s h e d  c o re  of m a s s iv e  a n h y d r i te  
a r e  show n in P la te  19. F ig u r e  6.
G o ldm an  (1952) d i s c u s s e d  r e c r y s t a l l i z a t i o n  and  p r e s s u r e  
s o lu t io n s  in a n h y d r i te  c a p ro c k .  T h e se  f e a tu r e s ,  a long  w ith h is  
c o m m e n ts ,  w hich  he  a t t r ib u te d  to one o r  the  o th e r  of the  above 
p r o c e s s e s  a r e  b r ie f ly  l i s te d  in  T ab le  13. It i s  the  w r i t e r ' s  co n ­
te n t io n  th a t  m an y  of th e s e  f e a tu r e s  can  be in te r p r e t e d  a s  p r e c i p i ­
ta t io n  f e a tu r e s :  R e c r y s ta l l i z a t io n  f e a tu r e s  2 and  5, in c lu s io n s  of o th e r  
c r y s t a l s - - t h i s  cou ld  s im p ly  in d ic a te  th a t  th e s e  im p u r i t ie s  w e r e  p r e s e n t  
d u r in g  the  p r e c ip i ta t io n  of a n h y d r i te ,  and  th e r e fo re  inc lud ed  in the
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T A B LE 13
S u m m a ry  of F e a tu r e s  A t t r ib u te d  by G oldm an  (1952) to  R e su l t  f r o m  
R e c ry s ta l l i z a t io n  o r  P r e s s u r e  So lu tions in A nhyd rite
A. F e a tu r e s  a t t r ib u te d  to r e c r y s ta l l i z a t io n .
C om m ent s
D is t in c t  f r o m  the m o r e  equant o r  
s tocky  c r y s t a l s .  U sually  o c c u r  in  zo n es . 
Include c a rb o n a te s ,  su lp h id e s ,  q u a r tz ,  
p ro b a b ly  su lp h u r ,  e tc .  and  v e s ic le s .  
B o u n d a r ie s  b e co m e  vague.
C r y s ta l s  in c lo se  c o n tac t  w ith  c lo se ly  
r e l a te d  ex tin c tio n , b i r e f r in g e n c e  and  
c leav ag e .
5. In te rg ro w th  a n d m u tu a l  A l a r g e r  c r y s t a l  in c lu d e s  a s m a l l e r  one.
in c lu s io n  of c r y s t a l s
6. I n t e r s t i t i a l  vo ids Voids be tw een  g r a in s .
B. F e a tu r e s  a t t r ib u te d  to p r e s s u r e  so lu t io n s .
F e a tu r e
1. E lo n g a te  c r y s t a l s
2. Inc lus ion  of f in e ­
g ra in e d  im p u r i t ie s
3. C o a le sc en c e
4. Com pound g ra in s
1. D e fo rm a t io n  of in d i ­
v idua l c r y s t a l s
2. T ra p p e d  g ra in s
3. S e r r a t e  and  i r r e g u l a r  
b o r d e r s
4. In te r p e n e t r a t io n  of 
g r a in s
5. E lo n g a tio n  of g r a in s
6. C losing  of i n t e r ­
s t i t i a l  voids
7. P a r a l l e l  e lo nga tion
8. A s so c ,  w ith  o th e r  
s t r e s s  e ffe c ts
Found  in  no n m y lo n ized  a r e a s .
N a r ro w  re m n a n ts  be tw een  l a r g e r  g ra in s .
Have v e ry  i r r e g u l a r  e x te r n a l  f o r m .
Not a c c o m p a n ie d  by p a r a l l e l  o r ie n ta t io n  
F au lt in g ,  sh e a r in g ,  " f low age" , 
i n c r e a s e  w ith  depth .
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c r y s t a l s .  An ex am p le  of th is  p r o c e s s  would be su lp h u r  inc luded  in 
c a ic i te  (see  page  67). R e c r y s ta l l i z a t io n  f e a tu r e s  3 and  4, c o a le s c e n c e  
and  com pound g r a i n s - - c r y s t a l s  g row ing  f ro m  m any  c e n te r s  in a s u p e r ­
s a tu r a te d  b r in e  would ev en tu a l ly  c o a le s c e  to  fo rm  an  in te r lo c k in g  
m o s a ic .  Com pound g r a in s  would a l s o  r e s u l t  f r o m  th is  c o a le s c e n c e  
w hich  is the  com m on c ase  fo r  m any  p r e c ip i t a te s ,  such  a s  h a l i te .  
I n t e r s t i t i a l  v o id s ,  f e a tu re  6, could  r e s u l t  f ro m  in co m p le te  c o a ­
le s c e n c e .
P r e s s u r e  so lu t io n s , f e a tu re  2, t r a p p e d  g r a i n s - - t h i s  m ay  be 
due to p re c ip i ta t io n  in  w hich the  s m a l l e r  c r y s t a l  is  e n c lo se d  by two 
l a r g e r  c o a le sc in g  c r y s ta l s .  In te rp e n e t ra t io n  of g r a in s ,  f e a tu r e  4, 
m a.y be  due to p ro t ru d in g  in te rg ro w th .  F e a tu r e  6, c lo s ing  of i n t e r ­
s t i t i a l  v o id s , th is  could s im p ly  in d ic a te  p re c ip i ta t io n .
T h e re  a p p e a r s  to be no d ia g n o s t ic  t e x tu r a l  c r i t e r i a  to p o s i t iv e ly  
iden tify  a  r e c r y s t a l l i z a t i o n  f e a t u r e  f r o m  a p r e s s u r e  so lu tio n  fe a tu re  
o r  f r o m  a p re c ip i ta t io n  f e a tu r e .  The w r i t e r  do es  not conclude  tha t 
G oldm an w a s  w rong  in  h is  in te r p r e ta t io n ,  only tha t  t h e r e  m ay  be o th e r  
ex p la n a t io n s  fo r  the  v a r io u s  f e a tu r e s .  Thus, due to  the  la c k  of c e r ­
ta in ty  in re c o g n iz in g  what t e x tu r e s  a r e  a r e s u l t  of w hat p r o c e s s ,  
o th e r  c r i t e r i a  m u s t  be em ployed .
A nhy drite  is  a s s o c ia t e d  w ith  a  h o s t  of r a r e  o c c u r r in g  m in e r a l s .  
T h ese  m in e r a l s  can  be d i s p e r s e d  th roughou t the  a n h y d r i te  cap  o r  can  
be  found in  c o n c e n tra te d  zo n es  w hich  n o rm a l ly  p a r a l l e l  the  banding.
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A l i s t  of the r a r e r  m i n e r a l s ,  a c c o m p a n ie d  by a  b r i e f  d e s c r ip t io n  
fo l lows:  Ca ic i te ,  u su a l ly  f i n e l y - c r y s t a l l i n e  and found a long c leavage
t r a c e s  and  g r a in  b o u n d a r i e s ,  c o a r s e l y - c r y s t a l l i n e  in ve ins ;  do lom ite ,  
r a n g e s  in s ize  f r o m  m inu te  in c lu s io ns  up to 0. 8 m m .  , g e n e r a l l y  
contain,  in th is  zone,  s m a l l  nucle i;  q u a r t z ,  o c c u r s  a s  s m a l l  t e r ­
m in a te d  c r y s t a l s  and  r o s e t t e s  a s  in c lu s io n s  w i th in  a n h y d r i t e  g r a m s ;  
p y r i t e ,  m inu te  in c lu s ion s ;  su lp h u r ,  m in u te  inc lu s ion s  in both 
a n h y d r i te  and  do lom i te ;  b a r i t e ,  s m a l l  b laded  c r y s t a l s ;  c e l e s t i t e ,  
o c c u r s  a s  s m a l l  r ad ia t in g  c l u s t e r s  and  r a r e l y  a s  r o s e t t e s ;  and  a 
n u m b e r  of v e r y  r a r e  m i n e r a l s .  B a r n e s  (1933) s tu d ied  s a m p le s  c o l ­
l e c te d  f r o m  the m in e  dum p a t  Winnfield Dome, L o u is ia n a .  He ind i ­
c a te s  that  the  s a m p le s  a r e  p ro b a b ly  f r o m  the b a s a l  p o r t io n  of the  
a n h y d r i t e  c ap ro ck .  A p o r t io n  of h i s  r e p o r t  which  d e s c r i b e s  the 
r e l a t i o n s h ip  be tw een  the a n h y d r i t e  and the m e t a l l i c  m i n e r a l s  he  no ted  
is  quoted  below.
The m e t a l l i c  m i n e r a l s  have  f o r m e d  a long  p a r a l l e l  
p l a n e s  p ro d uc ing  a d i s t in c t  banding in the  a n h y d r i t e .  One 
m in e r a l i z e d  l a y e r  is  co m p o sed  of na t ive  a r s e n i c  s p h e r o id s  
a s  m uch  a s  a  q u a r t e r  of an  inch in d i a m e t e r .  O the r  bands  
a r e  c o m p o s e d  p r e d o m in a n t ly  of ind iv idua l  m i n e r a l s  
(m e ta l l ic  su lph ides) ,  sugges t ing  that  s e l e c t iv e  r e p l a c e ­
m en t  h a s  taken  p l a c e  a long l in e s  of banding in the an h y d r i t e ,  
which  in the  m i n e r a l i z e d  zone shows no p ro n o u n ce d  
t r a n s v e r s e  b r e a k s .
G e o c h e m is t r y
The c h e m ic a l  a n a l y s e s  of a n h y d r i t e  c a p ro c k  f r o m  s ix  d o m e s  
is l i s t e d  in T ab le s  26 th rough  31, pa g es  196 th rough  201. Som e of the
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a n a ly z e d  c o n s t i tu e n ts  a r e  p lo t ted  a g a in s t  the  depth a t  which  they  
o c c u r  fo r  fo u r  of th e s e  d o m es  in F i g u r e s  25 th ro ug h  29. The e le m e n t s  
l i s t e d  a r e  not iden t i f iab le  in s e p a r a t e  p h a s e s  in the a n h y d r i t e  a s  
d e t e r m i n e d  by x - r a y  d i f f rac t ion  and  m ic r o s c o p y .  It can be seen  
f r o m  t h e s e  f i g u r e s  that  the  t r a c e  e le m e n t  c o n c e n t r a t io n s  v a ry  
c o n s id e r a b ly  with depth in each  dom e an a ly zed ,  and  p ro b a b ly  would 
show an  even  g r e a t e r  v a r i a t io n  if a n a ly ze d  in s h o r t e r  i n t e r v a l s .
The r e l a t i o n s h ip s  am ong the c o n s t i tu en ts ,  p lus  the  a v e r a g e  
v a lu e s  f o r  t h r e e  of the d o m es  is  l i s t e d  in T a b le s  14, 15 and 16. 
C o n s id e r in g  the  t h r e e  t ab les  t o g e th e r ,  c e r t a i n  c o r r e l a t i o n  c o e f ­
f i c i e n t s  s h a r e  c o m m o n  t r e n d s :  Si r e l a t e s  to K. ind ica t ing  that  both 
a r e  i n c o r p o r a t e d  a t  the  s a m e  t im e ;  in the M inden Dome a n h y d r i t e ,  F e  
c o r r e l a t e s  with  Zn, and in the Allen D om e,  F e  is  i n v e r s e l y  r e l a t e d  
to  Zn, in d ica t in g  d i f fe r ing  condit ions  a t  e ac h  dom e.  C oeff ic ien ts  for  
the  Allen  Dome show b e t t e r  c o r r e l a t i o n s  be tw een  the v a r i a b l e s  than  
the  o th e r  two d o m e s ,  which m a y  m e a n  that  condit ions  w e r e  m o r e  
s ta b le  d u r in g  i t s  fo rm a t io n .
The  a b n o r m a l l y  high s t r o n t iu m  content  in  the  a n h y d r i te  of 
Ut ica  Dom e,  M i s s i s s i p p i  (table  29, pagel99) ,  a p p e a r s  to be r e l a t e d  
to  the  c e l e s t i t e  c a p ro c k  which o v e r l i e s  it.  T h is  p ro b a b ly  in d ic a te s  
th a t  S r ++ w a s  p r e s e n t  dur ing  a n h y d r i t e  fo rm a t io n .  The s t r o n t iu m  is  
d ia d o c h ic a l ly  inc luded  in the a n h y d r i t e .  The g r e a t e s t  am oun t  of 










S %Fe ppmSr ppmZn ppmSi ppm K ppm
Figure 2 5















100 200 300 400  250 350 450 250 350 450  0  100 200
K ppm Zn ppm Sr ppm Fe ppm
Figure 2 6
0  250 500 750 1000 0
Si ppm
Totum Dome, A EC Tatum No. I Wei I. Depth vs.  S i - K - Z n - S r - Fe  in CaSO* c a p ­







1 4 7 0 -
1 4 8 0 -
1 4 9 0 -
1 5 0 0 -
Top of S a l t
0  250 500 750 1000 0  100 200 300 400 250 350 450 250 350 450 0  100 200 
Si ppm K ppm Zn ppm Sr ppm Fe ppm
Figure 2 7

















250 500 750 1000 0  100 200 300 350 450 250 350 0  100 22.89.0 I .2 .3 4
Si ppm K ppm Zn ppm Sr ppm Fe ppm S %
Figure 2 8
len Dome,  FS Well No.7 . Depth vs. S i - K - Z n - S r - F e - S  in C0 SO4 c a p r oc k





6 6 0  •
6 7 0 -
6 8 0 -
6 9 5 110 130] _ 400 500
Zn ppm





Hull  Ootne,  F.S.Co.  Wei I No.6 . Depth v s . S i - K - Fe - Z n  in 
CoS04 c a p r oc k  and s a l t  r es idue
TABLE 14
S ta tis t ic a l  A n a ly sis  of CaSO^ C aprock  C hem ica l D ata, M inden Dom e, La.
Standard  Coefficient  of 
Var iab le_______ Mean_______ Deviation V ar ia t ion  (%) N= 13
CaO 40. 10 * 0 .93  2 .31
S 23 .43  * 0 .4 0  1 .70
Si 70. 85 61 .57  86 .90
K 76. 77 74 .45  96 .97
F e  66 .85  67. 53 101. 01
Zn 334. 38 32 .24  9 .6 4
Sr 326 .00  4 6 .7 7  14.34
C o r re la t io n  M a t r ix
Variable CaO S Si K F e Zn
CaO 1.000 0.779 - 0 .2 1 4 - 0 .3 1 8 -0.  078 -0.  067
S 0. 779 1. 000 -0.  573 -0. 567 -0.  213 -0 .0 3 7
Si -0 .  214 -0.  573 1. 000 0. 653 0. 332 0. 070
K -0 .  318 -0. 567 0. 653 1. 000 0. 748 0.469
F e - 0 .0 7 8 -0 .2 1 3 0. 332 0.748 1. 000 0. 852
Zn -0.  067 -0.  037 0. 070 0.469 0. 852 1. 000
Sr 0 .218 0. 017 0. 391 0. 087 0. 108 0..007
*% value 











S ta tis t ic a l  A n a ly sis  of CaSO^ C ap rock  and Salt R esid u e  C hem ica l D ata,
T atu m  Dom e, M iss .
Var iab le Mean
Standard
Deviation
Coeffic ient  of 
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Other  va lues in ppm
C o r re la t io n  M a t r ix
a r i a b le CaO S Si K F e Zn Sr
CaO 1.000 0 .400 0 .298 0 .414 -0 .4 61 - 0 .7 1 9 -0.  122
S 0 .40 0 1. 000 0.077 0. 004 -0.  316 0 .024 0.001
Si 0 .298 0. 077 1. 000 0. 662 -0 .  083 -0.  298 -0 .  060
K 0 .414 0. 004 0. 662 1. 000 -0 .3 2 4 -0 .3 9 2 -0.  130
F e -0 .4 6 1 -0 .3 1 6 -0.  083 -0 .  324 1. 000 0.255 0.034
Zn - 0 .7 1 9 0. 024 - 0 .2 9 8 -0.  392 0. 255 1. 000 0 .228
Sr -0 .  122 0. 001 -0.  060 -0 .  130 0. 034 0.228 1.000
oO'
TABLE 16
S ta tis t ic a l  A n a ly s is  of CaSO^ C aprock  and Salt R esid u e  C hem ica l D ata, A llen  Dom e, Tex.
V ar iab le Mean
Standard
Deviation

























59 .69  
77. 12 
33. 63 
9 .95  
11. 85
*% value 
Other  value in ppm
C o r re la t io n  M a tr ix
V ar iab le CaO S Si K F e Zn Sr
CaO 1. 000 0.858 -0 .4 6 3  - 0 .3 6 4 0 .215 -0.  191 0.512
S 0. 858 1.000 -0. 675 -0 .  510 -0.  001 0 .089 0. 392
Si - 0 .4 6 3 -0 .6 7 5 1.000 0.817 0. 074 -0 .6 1 3 -0 .7 0 8
K -0.  364 -0 .5 1 0 0.817 1.000 -0.  226 -0 .  345 -0.  579
F e 0. 215 -0 .  001 0 .074  -0 .2 2 6 1. 000 -0 .6 2 5 0.271
Zn -0.  191 0. 089 -0 .6 1 3  -0 .3 4 5 -0.  625 1. 000 0. 264
Sr 0. 512 0.392 -0. 708 -0.  579 0. 271 0.264 1. 000
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of w o r ldw ide  a n h y d r i t e  d e p o s i t s ,  in  th e  a b s e n c e  of c e l e s t i t e ,  i s  about
0 . 2  p e r c e n t  (B ra i tch ,  1971). T he  G e r m a n  Z e c h s t e in  a n h y d r i t e s
r a n g e  in  s t r o n t iu m  conten t  f r o m  0. 11 to  0 .4 3  p e r c e n t ,  w h e r e a s  a
r e c e n t  g y p su m  d ep o s i t  in  T r a p a n i ,  S ic i ly  con ta ins  0 .28% s t ro n t iu m .
B r a i t c h  (1971) s t a t e s  th a t  nothing p o s i t iv e  can  be  concluded  of the
s t r o n t iu m  con ten t  upon d i s t a n c e  f r o m  th e  f o r m e r  c o a s t l in e  but t h e r e
++a p p e a r s  to  b e  l e s s  in th e  i n t e r i o r  of th e  b a s in .  T h e  S r  content  
b a r e l y  ch anges  d u r ing  g yps i f ica t ion .
Banding
G e n e r a l l y  two so m e w h a t  d i f fe re n t  ty p e s  of banding  a r e  c o m ­
m o n  to  th e  m a s s i v e  a n h y d r i t e  c a p r o c k .  One typ e  i s  c o m p o s e d  of 
i r r e g u l a r  and u s u a l ly  h o r i z o n ta l  d a r k  ban ds ,  about  a  m i l l i m e t e r  in 
width ,  a l t e r n a t in g  w i th  t h i c k e r ,  l i g h t e r  c o lo re d  bands  (T ay lo r ,  1938). 
T h e  se co n d  type  of  banding ,  r e f e r r e d  to  by  G o ldm an  (1933; 1952) a s  
" k a t a t e c t i c "  banding,  is  c h a r a c t e r i z e d  by  n e a r  p a r a l l e l  l a y e r s ,  g e n ­
e r a l l y  h o r i z o n t a l  o r  d ipping a t  low a n g le s ,  w h ich  a l t e r n a t e  be tw ee n  a 
band  of  a  c e n t i m e t e r  o r  l e s s  of f i n e - g r a i n e d  a n h y d r i t e  and  a  t h i c k e r  
band  of  c o a r s e - g r a i n e d  a n h y d r i t e .  T he  f i r s t  type  of banding  h as  been  
a t t r i b u t e d  (T ay lo r ,  1938) to  s e c o n d a r y  p y r i t e  and c a rb o n a c e o u s  
m a t e r i a l  d e p o s i te d  a long h o r i z o n ta l  jo in t  p la n e s  and  in  n a r r o w  s h e a r  
z o n es .  K a ta te c t ic  banding h a s  b e en  s t a t e d  (Goldman,  1952) to r e s u l t  
f r o m  i n t e r m i t t e n t  com p ac t ion  of a n h y d r i t e  a c c u m u la t in g  on  th e  top  of 
the  s a l t  d o m e  by  so lu t ion  of th e  s a l t .  It i s  d if f icu l t  f o r  th e  w r i t e r  to
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u n d e r s t a n d  the a l t e r n a t io n  of c o a r s e  and f i n e - g r a i n e d  a n h y d r i t e  by 
s im p le  a c c u m u la t io n  and com pact ion ,  even  when r e c r y s t a l l i z a t i o n  is  
c o n s id e re d .  The top of k a ta te c t i c  bands  d i r e c t l y  be low the  k a ta te c t i c  
s u r f a c e  of ten  d i sp la y  a  l ig h te r  co lo r  which g r a d e s  dow nw ard  to a 
d a r k e r  a n h y d r i t e .  Goldm an  (1952) in d ic a te s  tha t  th is  i s  due m a in ly  to 
m y lo n iz a t io n  and the a c c u m u la t io n  of c a r b o n a t e s .  The following is  h is  
d i s c u s s i o n  on the  c o n c e n t ra t io n  of s e c o n d a r y  m i n e r a l s  a t  the  top of 
k a ta t e c t i c  bands :
I b e l i ev e  th is  c o n c e n t r a t io n  of s e c o n d a r y  m i n e r a l s  
i s  c o r r e l a t e d  with the upw ard  p r o g r e s s  of r e c r y s t a l l i z a t i o n  
that  I a s s u m e  to exp la in  the  upw ard  g rad in g  f r o m  d a rk  
to l ight  in the p o l i sh ed  f a c e s  of so m any  k a ta t e c t i c  
l a y e r s .  I have  po in ted  out that  m i n e r a l i z a t i o n  g e n e r a l ly  
ten d s  to be c o n c e n t r a te d  in m o r e  p o ro u s  p a r t s  of the 
a n h y d r i t e  c ap ro c k .  Its c o n c e n t r a t io n  a t  the  top of the 
k a ta t e c t i c  l a y e r s  m ay  t h e r e f o r e  be due e i t h e r  to m i n e r ­
a l i z a t io n  a t  a  la te  s tage  when up w a rd  p r o g r e s s  of r e c r y s t a l ­
l i z a t io n  in the  k a ta te c t i c  l a y e r s  lef t  only o r  m a in ly  th is  
u p p e r  p a r t  of the l a y e r  in a p o ro u s  condit ion;  o r  s o m e  of 
the  s e c o n d a r y  m i n e r a l s  m a y  be f o r c e d  out and  d r iv e n  
a h ea d ,  a s  r e c r y s t a l l i z a t i o n  a d v a n c e s  u pw ard .  The 
d e n s i ty  of the r e c r y s t a l l i z e d  b a se  of the  ove r ly ing  
k a ta t e c t i c  l a y e r  m ay  a r r e s t  t h e m  at  the  k a t a t e c t i c  su r f a c e .
K a ta te c t i c  banding  in the  a n h y d r i t e  c a p r o c k  m a y  r e s u l t  f r o m
e i t h e r  d iffus ion  o r  an  ep iso d ix  inf lux of o th e r  e l e m e n t s ,  o r  even  the
two p r o c e s s e s  com bined .  The d a r k e r  ban ds  g e n e r a l l y  conta in  l e s s
s i l i c a ,  p o t a s s i u m  and  i ro n ,  and  t h e s e  e l e m e n t s  g r a d u a l ly  i n c r e a s e  a s
t h e  band  b e c o m e s  l ig h t e r .  The v e r y  l ight  bands  m a y  a l s o  con ta in  s m a l l
a m o u n t s  of ca lc i t e  and  r a r e l y  c e l e s t i t e  o r  b a r i t e .  The d a r k e r  bands
which  o c c u r  a t  h igh  a n g le s  with  r e s p e c t  to  the n e a r l y  h o r i z o n t a l
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b a n d s  a r e  p r o b a b ly  d ev e loped  by d i f fus iona l  p r o c e s s e s .
A nhydr i te  d i s so lu t io n  and  p r e c i p i t a t i o n  f e a t u r e s
A n h y d r i te  d i sp la y s  c h a r a c t e r i s t i c  f e a t u r e s  which  in d ica te  
w h e th e r  the  m i n e r a l  is  undergo ing  d i s so lu t io n  o r  p re c ip i t a t i o n .  The 
so lub i l i ty  of a n h y d r i t e  i s  s l igh t ly  d i f fe ren t  fo r  e a c h  of the  t h r e e  
c r y s t a l  f a c e s  (Brown,  1931), r e s u l t i n g  in the  p e c u l i a r ,  but 
d i ag n o s t ic ,  sh a p e s  f o r m e d  d u r ing  e i t h e r  of the two p r o c e s s e s .
D iag no s t ic  d i s so lu t io n  f e a t u r e s  a r e  (1) p r o t r u d in g  p l a t e s  and n e e d le s  
which  r e p r e s e n t  the  l e s s  so lub le  f a c e s  and,  (2) a v e r y  i r r e g u l a r  
s u r f a c e  on a l l  c r y s t a l  f a c e s .  P h o t o m i c r o g r a p h s  of t h e s e  f e a t u r e s  
a r e  d i sp la y e d  on P l a t e  25.
G y p su m  w a s  p r e c i p i t a t e d  in the e x p e r i m e n t a l  p h a se  of th is  
in v es t ig a t io n ,  but the c h a r a c t e r i s t i c  f e a t u r e s  of p r e c i p i t a t i o n  a r e  
thought to  be s i m i l a r  to th o se  of a n h y d r i t e  b e c a u s e  g y p su m  a l s o  h a s  
d i f f e r e n t  so lu b i l i t i e s  fo r  each  c r y s t a l  face .  The f e a t u r e s  m o s t  
d ia g n o s t i c  of th i s  p r o c e s s  a r e  (1) p ro n o u n c e d  g row th  l in e s  a s  shown 
in P l a t e  26, F i g u r e  1 and,  (2) d i f f e r e n t i a l  g rowth  r a t e s  r e s u l t i n g  in 
p la ty  type  s t r u c t u r e s  a s  shown in F i g u r e  2 of the  s a m e  p la te .  This  
p la ty  s t r u c t u r e  i s  p ro b a b ly  due to the  c r y s t a l l o g r a p h i c a l l y  c o n t ro l te d  
so lub i l i ty .
A n h y d r i t e - s a l t  i n t e r f a c e
The m o rp h o lo g ic  ch anges  in the  a n h y d r i t e  c a p r o c k - s a l t  
i n t e r f a c e  cone of the  T a tu m  D om e,  M is s i s s i p p i ,  w e r e  e x a m in e d  in
d e ta i l .  The  m a s s i v e  a n h y d r i t e  g r a d e s  dow nw ard  in to  i n c r e a s in g ly  
unco n co l ida ted  a n h y d r i te  a t  about  a  dep th  of 1505 fee t ,  and  f ina l ly  
into  the  sa l t  a t  1510 fee t .  The following a r e  tho se  f e a t u r e s  o b s e r v e d  
both o p t ica l ly  and  with a scann ing  e l e c t r o n  m i c r o s c o p e :  At 1506 
fee t ,  the  ro c k  i s  s l igh t ly  f r i a b l e ,  c r y s t a l s  show a  p r i s m a t i c  hao i t  
and  only p r e c ip i t a t i o n  f e a t u r e s  a r e  p r e s e n t  (p late  20. f ig s .  1 and  2).
One foot be low th is ,  the a n h y d r i t e  i s  f r i a b l e ,  the  " s t e m  sh a p ed "  f o r m  
p r e d o m i n a t e s  and  d is so lu t io n  f e a t u r e s  a r e  found on m o s t  of the  
c r y s t a l s  (p la te  20, f igs .  3 th ro ug h  6). At a dep th  of 1509 fee t  the  
a n h y d r i t e  i s  a l m o s t  c o m p le te ly  unconso l ida ted ,  r e p r e s e n t i n g  the 
" a n h y d r i t e  sa n d "  which  is c h a r a c t e r i s t i c  of th is  i n t e r f a c e .  The c r y s t a l s  
show a  f a i r l y  high d e g re e  of d i s so lu t io n  and  they  a r e  a l l  of the  " s t e m  
shaped"  v a r i e ty  (p la te  21. f ig s .  1 th ro u gh  4). The top of the  so l id  
s a l t  is  at  a dep th  of 1510 fee t .  The  w a t e r  in so lub le  r e s i d u e  f r o m  th is  
depth ,  p r i m a r i l y  con s i s t in g  of a n h y d r i t e ,  is  i l l u s t r a t e d  in P l a t e  21, 
F i g u r e s  5 and  6 and  P l a t e  22. The only a n h y d r i t e  hab i t  no ted  w a s  the  
" s t e m  sh a p ed "  c r y s t a l s  and no d i s so lu t io n  f e a t u r e s  w e r e  found. Thus,  
w i th in  fo u r  fee t  f r o m  the top of the  s a l t ,  the c a p r o c k  a n h y d r i t e  
c o m p le te ly  ch an g e s  m o rp h o lo g y  and  d i s so lu t io n  f e a t u r e s  a r e  r e ­
p l a c e d  by d ia g n o s t ic  f e a t u r e s  of p re c ip i t a t i o n .
It h a s  j u s t  b een  s t a te d  tha t  the  a n h y d r i t e  in the  s a l t  i s  of 
d i f f e re n t  m orp h o lo g y  than  the  a n h y d r i t e  in the  m a s s i v e  c ap ro ck .  
L ik e w ise ,  t r a c e  e l e m e n t  c o n c e n t r a t io n s  d i f f e r  s ig n i f ic a n t ly  be tw een
the two a n h y d r i t e s .  R e f e r r in g  aga in  to F i g u r e s  26 th rough  29, 
p a g e s  101 th rough  104^a b ru p t  changes  in t r a c e  e le m e n t  content  a t  the  
c a p r o c k - s a l t  i n t e r f a c e  can be noted. S i l ica ,  i r o n  and p o t a s s i u m  
i n c r e a s e  in c o n c e n t r a t io n  im m e d ia te ly  above the in t e r f a c e ,  while  
z inc  and  s t r o n t iu m  d e c r e a s e  in e ac h  of the t h r e e  d o m e s  i l l u s t r a t e d .
A c o m p a r i s o n  of m o rp h o lo g ic a l  f e a t u r e s  with  t r a c e  e le m e n t  content,  
w i th  d e c r e a s i n g  depth,  in  the T a tu m  Dome is  a s  fol lows:  At a  depth 
1509, j u s t  above  top of s a l t ,  the  a n h y d r i te  san d  is  " s t e m  shaped"  
and  show s d i s so lu t io n  f e a t u r e s .  The c o n c e n t r a t io n  of Si. K and  F e  
in  the  a n h y d r i t e  c a p r o c k  h a s  i n c r e a s e d  while  Zn and  S r  d e c r e a s e d  
with  r e s p e c t  to the a n h y d r i t e  in the  sa l t .  The " s t e m  sh a p ed "  v a r i e ty  
and  d i s so lu t io n  f e a t u r e s  s t i l l  p r e d o m in a t e  a t  1507 fee t .  At th is  point,  
no s i l i c a  w a s  d e te c t e d  and both K and  F e  conten t  d e c r e a s e  by about  a 
f a c to r  of two, w i th  z in c  and  s t r o n t iu m  re m a in in g  a lm o s t  unchanged.
At a dep th  of 1506 fee t ,  c r y s t a l s  a b ru p t ly  d i sp lay  a  p r i s m a t i c  habit  
and  only p r e c i p i t a t i o n  f e a t u r e s  a r e  noted.  The c r y s t a l s  a t  th is  depth 
a g a in  i n c r e a s e  in Si and  K; while  F e ,  Zn and Sr  r e m a i n  f a i r l y  cons tan t .  
Above 1506 fee t ,  s m a l l e r  v a r i a t io n s  in c o n c e n t r a t io n  o c c u r  excep t  at  
fo u r  d i f fe re n t  d e p th s ,  e a c h  s e p a r a t e d  by a p p ro x im a te ly  100 foot 
i n t e r v a l s ,  w h e r e  both s i l i c a  and  p o t a s s i u m  d e c r e a s e  and  i r o n  s l igh t ly  
d e c r e a s e s .
The  d i s so lu t io n  f e a t u r e s  of the  a n h y d r i t e  sand  j u s t  above  the 
s a l t  i n d ic a t e s  tha t  the  i n t e r s t i t i a l  w a t e r  in th is  zone  is  u n d e r  s a t ­
u r a t e d  with  r e s p e c t  to a n h y d r i t e .  The sudden  i n c r e a s e  in Si, K and
F e  above the sa l t  i s  not fully  u n d e rs to o d ,  but it m a y  be due to a  type 
of i n t e r s t i t i a l  so l id  so lut ion in which  f o re ig n  ions e n t e r  into  the  open 
p l a c e s  of the a n h y d r i te  c r y s t a l  s t r u c t u r e ,  even  though the m i n e r a l  is 
u nde rg o in g  d is so lu t io n .  The d e c r e a s e d  c o n c e n t r a t io n s  of Zn and  Sr 
p r o b a b ly  m e a n  that  they  a r e  being  lo s t  to the  w a t e r  du r ing  the  d i s ­
so lu t ion  of an h y d r i te .  Above the  dep th  1506, at  which only p r e c i p i ­
t a t io n  f e a t u r e s  a r e  found, s m a l l e r  t r a c e  e le m e n t  c o n c e n t ra t io n  
v a r i a t i o n s  e x is t .  This  m a y  ind ica te  that  f a i r l y  u n i f o r m  w a t e r  qua l i ty  
cond i t ions  w e r e  p r e s e n t  du r ing  the fo r m a t io n  of the  a n h y d r i te  sec t ion .  
The four  a b ru p t  changes  in c o n c e n t r a t io n  a t  about  100 foot i n t e r v a l s  
r e s u l t  f r o m  e n v i r o n m e n ta l  v a r i a t i o n s  a t  the  t im e  of a n h y d r i t e  f o r m a ­
tion. One p o s s ib l e  exp lana t ion  of th is  v a r i a t i o n  would be the u p w ard  
m o v e m e n t  of the  sa l t  dom e.
C o m p a r i s o n  be tween  sa l t  r e s i d u e  and c a p ro c k  a n h y d r i t e s
F i g u r e  30 i l l u s t r a t e s  S i - K - F e  c o n c e n t r a t io n s  in the  e n t i r e  
CaSO^ c a p ro c k  and  in the  sa l t  r e s i d u e  a n h y d r i t e  fo r  e ac h  dom e 
a n a ly zed .
It can be  no ted  f r o m  the f ig u re  that  a l l  but one salt  r e s id u e  
po in ts  plot  to w a rd  the b o t to m  of the  d i a g r a m ,  and  c a p r o c k  po in ts  
p lo t  t o w a rd  the s i l ic a  apex .  The r e s i d u e  point  which  g ro u p s  with the 
c a p r o c k  i s  a s a m p le  brought  up in a  b r in e  w e l l  on the  Choctaw Dome, 
L o u is ia n a ,  and  lefr on the  s u r f a c e  f o r  an  u n d e te r m in e d  am oun t  of 
t im e .  The a n o m a lo u s ly  high  s i l i c a  w a s  p ro b a b ly  in t ro d u c e d  at the
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Si
o = c a p  rock 
•  = s a l t  r e s i d u e
K
Figure 3 0
Tr i an g u l a r  d i a g r a m  i l l u s t r a t i n g  a v e r a g e  S i - K- Fe  in en t i r e  Ca S 0 4  Caprock  and
s a l t  r e s id u e  for  e a c h  dome a n a l y z e d
Si
0 = cap  rock 
•  = sa l t  r e s i due
K Figure 31
T r i a n g u l a r  d i a g r a m  i l l u s t r a t i n g  S i - K - F e  i n C a S o 4 Caprock i mmedi a t e l y  o v e r -
lying s a l t  a n d  in a v e r a g e  s a l t  r e s i d u e
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s u r f a c e .  The c a p r o c k  poin t  i s o l a t e d  in the  c e n t e r  of the  d i a g r a m
r e p r e s e n t s  the Minden D om e,  L o u is ia n a .
The t r i a n g u l a r  d i a g r a m  (fig. 31) i l l u s t r a t i n g  S i - K - F e  in
a n h y d r i t e  c a p r o c k  i m m e d ia te ly  ov e r ly in g  the sa l t  and  in the a v e r a g e
sa l t  r e s i d u e  a l s o  in d ic a te s  f a i r l y  l a r g e  d i f f e r e n c e s  be tw een  the  two
a n h y d r i t e s .  T h is  d i f f e re n c e  i s  l a r g e l y  due  to the  e n r i c h m e n t  of
s i l i c a  with  r e s p e c t  to the o th e r  two e l e m e n t s  in the c a p r o c k  CaSCL.
F i g u r e  32 d i sp la y s  S i - K - F e - Z n - S r  a v e r a g e  c o n c e n t r a t io n s  in
both c a p r o c k  and sa l t  r e s i d u e  a n h y d r i t e  fo r  five  d o m e s .  S i l ica ,
p o t a s s i u m  and  s t r o n t iu m  show the l a r g e s t  v a r i a t i o n s  in c a p r o c k
CaSO . be tw een  d o m e s ,  whi le  c o n c e n t r a t io n s  of i r o n  show l e s s  4
v a r i a t i o n  and  z inc  r e m a i n s  f a i r l y  co ns tan t .  The m o s t  s t r i k in g  f e a tu r e
of th is  f ig u re  i s  the  u n i f o r m i ty  of the  t r a c e  e l e m e n t s  in the  a n h y d r i t e
s a l t  r e s i d u e ,  s in c e  the  d o m e s  l i s t e d  a r e  l o c a te d  in two d i f fe re n t
s t a t e s .  T h is  could  p o s s ib l y  m e a n  that  the  sa l t  and  inc luded  a n h y d r i t e
w e r e  p r e c i p i t a t e d  c o n te m p o r a n e o u s ly  in one l a r g e  b a s in  o r  tha t
cond i t ions  w e r e  v e r y  s i m i l a r  in s e v e r a l  s m a l l e r  b a s i n s .  F u r t h e r
ev idence  i s  the  w o r k  done by F e e ly  a n d  Kulp (1957) in which they  show 
32 34th a t  th e  S /S  i so to p e  r a t i o s  of a n h y d r i t e  sa l t  r e s i d u e s  f r o m  a 
n u m b e r  of Gulf Coast d o m e s  v a r y  j u s t  s l ight ly ,  even  l e s s  than  the  
r a t i o s  of m o d e r n  sea  w a t e r  su lpha te .
32 34F e e ly  and  Kulp (1957) in d ic a te  tha t  the S /S  r a t i o s  of 
a n h y d r i t e  c a p r o c k  v a ry  m uch  m o r e  w ide ly  than  do the  r a t i o s  cf
□
Cap rock





£ 8 0 0 -
6 0 0 -
4 0 0 -
200 -
nJluU
I Fa I Zn 
TATUM




Dome KINGS ALLEN HULL
S i - K - F e - Z n - S r  a v e r a g e  c o n c e n t r a t i o n s  in c a p  a n d  s a l t  r e s i d u e  CaSO>
117
a n h y d r i t e  sa l t  r e s i d u e s  f r o m  a l l  d o m e s .  They f u r t h e r  s t a te  that  
32e n r i c h m e n t  of S in cap rock  m a y  ind ica te  o r ig in a l  v a r i a t i o n s  in the
iso top ic  co m p o s i t io n  of a n h y d r i t e  sa l t  r e s i d u e ,  b a s e d  on in c lu s io n s  of
bedded  a n h y d r i t e  r o c k  in the s a l t .  Th is  does  not a p p e a r  l ike ly ,  s ince
the "bedded  a n h y d r i t e "  i s  p ro b a b ly  a loca l ly  h igh c o n c e n t r a t io n  zone
of the  m i n e r a l  and  should  have  the s a m e  iso top ic  c o m p o s i t io n  a s  the
m o r e  d i s p e r s e d  an h y d r i te .  Iso top ic  a n a l y s i s  of Spindletop  Dome
32, 34su lph a te  com pounds  by F e e ly  and  Kulp show th a t  the  S /S  r a t i o  of 
a n h y d r i t e  c a p ro c k  is  d i f fe ren t  f r o m  that  of the sa l t  r e s i d u e ,  but is  
v e r y  s i m i l a r  to the  r a t i o  of b l e e d w a te r  su lpha te .
A nhydr i te  vo lum e r e l a t i o n s
G r e a t  t h i c k n e s s e s  of a n h y d r i t e  c a p ro c k  m e a n s  tha t  a 
t r e m e n d o u s  am oun t  of s a l t  would hav e  had  to be d i s s o lv e d  off the  top 
of the  d o m e s  to a c c u m u la t e  th ick  r e s i d u e s .  A ccom pany ing  th is  d i s ­
so lu t ion  of sa l t  should  be t r e m e n d o u s  c o l la p s e  a r e a s  o v e r  the  top of 
the d o m e s  if the sa l t  did not m ove  up a s  f a s t  a s  the  d i s s o lu t io n  r a t e .  
C o l la p se  f e a t u r e s ,  how ev er ,  a r e  not found above  a l l  d o m e s  tha t  hav e  
c ap ro c k .  The s u r f a c e  a r e a  a v a i la b le  to d i s so lu t io n  at  the  top of the  
d om e  i s  qu i te  s m a l l  in  r e l a t i o n  to i ts  e n t i r e  s u r f a c e  a r e a .  W a te r s  
m oving  p a s t  the  top would soon a p p ro a c h  s a t u r a t i o n  which  would  r e s u l t  
in a  r e d u c e d  r a t e  o r  p o s s ib ly  even  ha l t ing  of the d i s s o lu t io n  p r o c e s s .  
A nh y dr i te  i s  not in so lu b le ,  t h e r e f o r e ,  a  p o r t io n  of the  r e s i d u e  
a n h y d r i t e  m a y  go into so lu t ion .  Two m o d e l s  a r e  now p r e s e n t e d  to
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i l l u s t r a t e  two d i f f e r e n t  p r o c e s s e s  of  obtain ing  a n h y d r i t e  f o r  c a p ro c k
f o r m a t io n .  T he  f i r s t  m o d e l  only c o n s i d e r s  r e s i d u a l  a c c u m u la t io n  of
a n h y d r i t e  and  th e  second  m o d e l  i l l u s t r a t e s  how a n o th e r  p r o c e s s  can
r e s u l t  in a s o u r c e  of the  an h y d r i te .  T h is  seco n d  m o d e l  a s s u m e s  th a t
b o th  h a l i t e  and  a n h y d r i te  a r e  d i s so lv e d  f r o m  th e  f lanks of t h e  dom e
and  th a t  a n h y d r i t e  can  l a t e r  be  r e p r e c i p i t a t e d .
M o de l  I: A h y p o th e t ica l  s a l t  dom e;  one m i l e  in d i a m e t e r ,  w i th
th e  shape  of a  c y l in d e r ,  and conta in ing  5 p e r c e n t  of e ven ly  d i s p e r s e d
a n h y d r i t e  im p u r i ty .  20, 000 fee t  of th i s  sa l t  would have  to  be  d i s s o lv e d
off  th e  top  of th e  d o m e  in o r d e r  to  a c c u m u la t e  1, 000 fee t  of a n h y d r i t e
( a s s u m in g  th a t  none of th e  a n h y d r i t e  i s  d i s so lv ed ) .
M o de l  II: T h e  s a m e  h y p o th e t ica l  dom e  a s  above .  F o r  a  c a p r o c k
7
1000 fee t  th ic k  and one m i l e  in  d i a m e t e r  i t s  vo lum e would be  2 1 .9  x  10
cubic  fee t  of a n h y d r i t e .  If only 40 fee t  of s a l t  w e r e  d i s s o lv e d  by  u p w a rd
m o v in g  w a t e r s  on the  f lanks  of th e  dom e  f o r  a d i s t a n c e  of  10, 000 fee t ,
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3 2 .9  x  10 cubic  fee t  of an h y d r i te  would be  av a i la b le ,  o r  a p p ro x im a te ly  
33 p e r c e n t  m o r e  a n h y d r i t e  th an  n e c e s s a r y  fo r  a  1000 foot  t h i c k n e s s .
L e s s  C o m m o n  C a p ro c k  M in e r a l s
P y r i t e  (FeS^):  T h is  m i n e r a l  o c c u r s  in v a ry in g  a m o u n ts  in  a l l  
l i tho logy  ty p e s ,  bu t  i t s  l a r g e s t  c o n c e n t r a t io n s  a r e  in the  c a lc i t e  zone.  
P y r i t e  r a n g e s  in  s i z e  f r o m  n e a r l y  s u b m ic r o s c o p ic  to  a s  l a r g e  a s  2 . 4  
m m . , w i th  m a n y  of t h e s e  c r y s t a l s  be ing  e u h e d r a l  and having  t h e  f o r m  
of  c u b e s ,  p y r i to h e d r o n s  o r  o c ta h e d r o n s .  T he  m i n e r a l  g e n e r a l l y
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o c c u r s  in the  d a r k e r  banded  c a l c i l e  (plate  5, fig. ]) and  l e s s  c o m ­
m only  is  a s s o c i a t e d  with  the  r e c e m e n t in g  ca lc i te  (p late  11, fig. 5).
P y r i t e  w as  a l s o  found fi l l ing vo ids ,  and  w a s  o c c a s io n a l ly  no ted  to 
f o r m  on one s ide  of a  cav i ty  o r  f r a c t u r e  with  c a lc i t e  f o rm in g  on the  
opposi te  s ide  (pla te  i l ,  fig. 6). P y r i t e  r e p l a c e s  su lp h u r  and  gypsum  
to a s m a l l  d e g re e ;  it i s  r e p l a c e d  by none of the  o th e r  m i n e r a l s .
Q u a r tz  (SiO^): This  m i n e r a l  i s  u su a l ly  d i s p e r s e d  in s m a l l  am o u n ts
th roughout  the  cap ro ck ,  a l though q u a r t z  i s  o ccas iona l ly  found in 
h ig h e r  c o n c e n t r a t io n s  in s h e a r  zones  (p la te  11, fig. 3). Q u a r tz  is  
com m only  noted  a s  t e r m i n a t e d  c r y s t a l s  (plate  14, fig. 5) o r  r o s e t t e s  
(plate  14, fig. I) ,  wi th  both f o r m s  be ing  g e n e r a l ly  s m a l l  in s ize .  The 
r o s e t t e s  often conta in  d a r k  n u c le i  s i m i l a r  to those  in the do lom i te  
c r y s t a l s .  Q u a r tz  is  r e p l a c e d  only by ca lc i t e ,  a n d  it r e p l a c e s  none of 
the  o th e r  m i n e r a l s .
A ra g o n i te  (CaCO^): A lm o s t  a l l  of the a r a g o n i te  o b s e r v e d  had  been  
p a r t i a l l y  to c o m p le te ly  r e p l a c e d  by ca lc i t e .  It i s  p r e d o m in a n t ly  
a s s o c i a t e d  w i th in  the  gypsum  c a p r o c k  (plate  16, fig. 4 ' ,  but i s  not 
r e s t r i c t e d  to th is  zone.  The c r y s t a l s  a v e r a g e  ap p i  ox irnate ly  0, 3 m m .  
in s i z e ,  with the  l a r g e s t  o b s e r v e d  c r y s t a l s  n e v e r  ex ceed in g  0. 6 m m .
Ar-.g-. n i te  do es  not r e p l a c e  any* of the  o th e r  c a p ro c k  m i n e r a l s .
H a l i te  (NaCl): T h is  m i n e r a l  i s  p r o b a b ly  d i s s e m i n a t e d  th roughout  
m an y  of the i n t e r s t i t i a l  voids  and c a v i t i e s  of the c a p ro c k ,  but due to 
i t s  high so lub i l i ty  it i s  p r o b a b ly  d i s so lv e d  in the d r i l l i n g  p r o c e s s .
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Hali te  a l so  f o r m s  a s  d i scon t inuous  b ed s ,  o r  l e n s e s ,  in any  p a r t  of the 
c a p ro c k  and  can s e p a r a t e  o th e r  l i thology ty p es .  One w e l l  d r i l l e d  into 
the  c a p ro c k  of the Hull Dome, T e x a s ,  e n c o u n te r e d  sal t  40 fee t  into 
the  cap  and had  to d r i l l  100 m o r e  fee t  to r e a c h  i t s  b a se .  The sal t  hi 
th i s  w e l l  is  both o v e r la in  and u n d e r l a in  by a n h y d r i t e .  The p r e s e n c e  
of a s m a l l  l en s  of p u r e  sa l t  (no w a t e r - i n s o l u b le  r e s i d u e  w a s  r e ­
covered)  in the anh y d r i te  c a p ro c k  at Hockley  Dome, T e x a s  h s beer, 
r e p o r t e d  ( T e a s ,  193i) .
Se d im e n ts  Within C aprock
D e t r i t a l  m i n e r a l s ,  e i t h e r  d i s s e m in a t e d  o r  in bedded  d e p o s i t s ,  
with in  the c a p ro c k  is  m uch  m o r e  com m o n  rhan the  l i t e r a t u r e  would 
lea.d one to b e l i ev e .  S e d im en ts  have  been  o b s e r v e d  in a l l  l i thology 
ty p es  and a r e  chief ly  c o m p o sed  of q u a r t / ,  c lay  and  f e ld s p a r  d e t r i t a l  
m i n e r a l s .  D i s s e m i n a t e d  d e t r i t u s  m a y  be qui te  abundant  (plate  15,
*ig- 1) o r  found in zones  of h ig h e r  c o n c e n t r a t io n  (pla te  10, fig. 3; 
p la  te  15, fig. 2). S ed im en ts  w e r e  often noted  f i l l ing  f r a c t u r e s  ir. the  
c a p r o c k  (plate  11, fig. 2). Napolenovi l le  Dom e,  L o u is ia n a  has  
c o n s id e r a b le  c lay  d i s p e r s e d  th rough  gypsum ;  Hull  Dome, T exas  
co n ta in s  both s a r d  and  clay d i s p e r s e d  in a n h y d r i te ;  and  Vinton 
D om e,  L o u is ia n a  conta ins  qu i te  an  abundant  am o un t  of d i s s e m in a t e d  
sand  in the c a lc i t e  cap ro ck .
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The following i s  a l i s t  of e x a m p le s  of c a p r o c k  which  conta in
m o r e  o r  l e s s  bedded se d im e n ts  and a  s h o r t  d e s c r i p t i o n  of t h e i r
a s s o c i a t i o n s :  (Data  f r o m  F. S. Co. l i thology logs)
Allen  Dome. Tex. L e n s e s  of sandy  c lay,  up to 111 fee t
th ick ,  a r e  found th roughou t  m o s t  of 
the  c a lc i t e  cap. One w e l l  d i s p la y s  a 
sandy  sha le  a l t e r n a t in g  with a n h y d r i t e  
in bed s  about  10 fee t  thick.
f r o m  one s ide  of the  cap to the o th e r  
side ,  s e p a r a t e s  th e  c a lc i t e  zone in one 
w el l  and s e p a r a t e s  the  m a s s i v e  a n h y d r i t e  
a t  the s a m e  depth but on the o th e r  s ide  
of the dom e.
s e p a r a t e s  the  g y p su m  cap  f r o m  the 
c a lc i t e  cap,  and in a n o th e r  w e l l  a  20 
foot s e c t io n  of sand  s e p a r a t e s  the s a m e  
l i tho iog ies .
Hockley  Dome, Tex. A  sha le  bed, which  m a y  be con tinuous
H ull  D om e,  Tex. A  l en s  of sha le  and  g r a v e l  about  50 
fee t  th ick  s e p a r a t e s  an h y d r i te .
N apo leonv i l le  Dom e,  La. A  f a i r l y  continuous bed  of sh a le  about
25 fee t  th ick  is  l o c a te d  w ith in  the  
g yp su m  cap rock .
P in e  P r a i r i e  Dom e,  La.  In one w e l l  a  450 foot s e c t io n  of sh a le
C a p ro ck  is  known to con ta in  a t  l e a s t  t h i r t y  d i f f e ren t  m i n e r a l s ,
of which  only nine o r  ten  a r e  found in s ign i f ican t  q u a n t i t i e s .  C a lc i te ,
th e  s e c o n d  m o s t  abundant  c a p ro c k  m i n e r a l ,  p r o b a b ly  o r ig in a te s  f r o m
d i r e c t  p r e c i p i t a t i o n  f r o m  so lu t ion  a s  d e t e r m i n e d  f r o m  i ts  m o rp ho lo gy
and  c h e m i s t r y .  T r a c e  e le m e n t  c o n c e n t r a t io n s  in the  m i n e r a l  v a ry
w ide ly  f r o m  s a m p le  to  s a m p le  but do show i n t e r r e l a t i o n s h i p s  be tw een
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t h e  e l e m e n t s .  Com m only  the c a lc i t e  zcne  is  distinctly- banded.  T h ese  
bands  a r e  a t t r ib u t e d  to d i f fu s iona l  p r o c e s s e s  of i r o n  and H S d u r ing  
v e r y  e a r l y  d ia g e n e s i s  of the  rock .  The i n t e r f a c e  b e tw ee n  ca lc i t e  
and  g y p su m  o r  a n h y d r i te  is  only som ew hat  g ra d a t io n a l .
D o lom ite  i s  in f req u e n t ly  one of the  m a j o r  c o n s t i tu e n t s  of 
c ap ro ck ,  but  it i s  qui te  co m m o n  a s  a  m in o r  cons t i tu en t .  The m i n e r a l  
i s  found a s  a p r e s u m a b l y  d i r e c t  p r e c i p i t a t e ,  r e p l a c e m e n t  m i n e r a l  and 
m uch  l e s s  c o m m o n ly  a s  r e s i d u e  rh o m b s  f r o m  the sa l t .
C e le s t i t e  i s  f r eq u e n t ly  a m a j o r  m i n e r a l  in the  c a p r o c k  of 
M i s s i s s i p p i  d o m e s  and is  u su a l ly  a s s o c i a t e d  with e i t h e r  c a lc i t e  o r  
d o lom i te .  C e le s t i t e  and the  a s s o c i a t e d  m i n e r a l s  o c c u r  a s  c o n te m ­
p o r a n e o u s  p r e c i p i t a t e s .  The p r o b a b le  m a j o r  s o u r c e  of s t r o n t iu m  in 
M i s s i s s i p p i  c a p ro c k  o r ig in a te s  f r o m  the S r ++ r e j e c t e d  f r o m  a r a g o n i t e  
d u r in g  c o n v e r s io n  to c a lc i t e  in the  su r ro u n d in g  s e d im e n t s .  C e le s t i t e  
i s  co m m o n ly  found in a l t e r n a t in g  bands  with c a lc i t e .  The i n te r f a c e  
b e tw een  c e l e s t i t e  and a n h y d r i te  i s  g ra d a t io n a l  a s  shown by c e l e s t i t e  
g rad in g  dow nw ard  into  an  i n c r e a s in g  am o u n t  of a n h y d r i t e  and  f ina l ly  
into the  m a s s i v e  a n h y d r i t e  which  conta ins  an  a n o m a lo u s ly  high 
c o n c e n t r a t io n  of s t ro n t iu m .
B a r i t e  o c c u r s  a s  a  m in o r  cons t i tuen t  of c a p ro c k .  It is  u su a l ly  
a s s o c i a t e d  with the  c a r b o n a te  m i n e r a l s .  Sulphur ,  l ike  b a r i t e ,  i s  only 
a  m in o r  m i n e r a l  e x cep t  r a r e l y  it is  found in eco no m ic  q u a n t i t i e s .  The 
m i n e r a l  i s  thought to be an a l t e r a t i o n  p ro d u c t  f r o m  the r e d u c t io n  of
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a n h y d r i t e .  G ypsum  i s  found in the  c a p r o c k  on a lircle o v e r  ha lf  of the 
d o m e s  s tud ied  and is r e s t r i c t e d  to dep ths  l e s s  than  1820 feet .  The 
l a r g e s t  p e r c e n t a g e  of gypsum  o r ig in a te d  f r o m  the d i r e c t  a l t e r a t i o n  
f r o m  a n h y d r i t e .
A nh y dr i te  is  the  m o s t  abundant  m i n e r a l  when a l l  c a p r o c k  is  
c o n s id e r e d ,  but  not e v e r y  c a p ro c k  con ta ins  th is  m i n e r a l .  A nhydr i te  
c o m m o n ly  o c c u r s  in the low er  p o r t io n s  of c ap ro c k ,  a l though  it is  
not r e s t r i c t e d  to th is  a r e a .  C r y s t a l s  in the m a s s i v e  a n h y d r i t e  c ap ro ck  
f o r m  an  in te r lo c k in g  m o s a ic  which r e s u l t s  in low p o r o s i t y .  Many 
o th e r  m i n e r a l s ,  m o s t ly  in m in o r  q u a n t i t i e s ,  have  been  no ted  to be 
a s s o c i a t e d  with a n h y d r i t e .  T r a c e  e le m e n t  c o n c e n t r a t i o n s  in the  
m a s s i v e  a n h y d r i te  v a r y  c o n s id e ra b ly  in any  s ing le  c o re ,  but do show 
so m e  r e l a t i o n s h ip s  be tw een  e l e m e n t s .  The high s t r o n t iu m  content  
in the  a n h y d r i t e  of one M i s s i s s i p p i  dom e  a p p e a r s  to be r e l a t e d  to the 
c e l e s t i t e  c a p r o c k  which o v e r l i e s  it,  ind ica t ing  tha t  s t r o n t iu m  w as  
p r e s e n t  d u r in g  the  f o r m a t io n  of the  a n h y d r i t e .  Co lo r  and  d e n s i ty  
banding  in the  a n h y d r i t e  c a p ro c k  m a y  r e s u l t  f r o m  e i t h e r  d if fus ion  o r  
an  e p is o d ic  inf lux of m in o r  e l e m e n t s ,  o r  the  two p r o c e s s e s  com bined .
E x p e r i m e n t s  ind ica te  that  a n h y d r i t e  d i s p l a y s  c h a r a c t e r i s t i c  
f e a t u r e s  which show w h e th e r  the  m i n e r a l  is u n d e rgo in g  d i s so lu t io n  or  
p r e c ip i t a t i o n .  T h ese  f e a t u r e s  w e r e  u s e d  to i n t e r p r e t  m o rp h o lo g ic  
ch an g e s  in the  a n h y d r i t e  c a p r o c k - s a l t  i n t e r f a c e .  It w a s  found tha t  the 
a n h y d r i t e  c r y s t a l s  inc luded  in the sa l t  a r e  " s t e m - s h a p e d "  and  do not
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d i s p la y  d i s so lu t io r  f e a t u r e s .  D i rec t ly  above  the  sa l t  is  a zone of 
a n h y d r i t e  san d  in which  the c r y s t a l s  a r e  " s t e m - s h a p e d " ,  but  a r e  
u nde rg o in g  d i s so lu t io n .  Within fo u r  fee t  of th i s  zone ,  going up into 
the  c a p ro c k ,  the  a n h y d r i t e  co m p le te ly  changes  m o rp h o lo g y  to p r i s ­
m a t i c  c r y s t a l s  and d i s so lu t io n  f e a t u r e s  a r e  r e p l a c e d  by f e a t u r e s  of 
p r e c ip i t a t i o n .  T r a c e  e le m e n t  c o n c e n t r a t io n s  d i f fe r  s ign i f ican t ly
b e tw ee n  c a p r o c k  a n h y d r i t e  and  the  s a l t  r e s i d u e  a n h y d r i t e .  Su lphur
32 34iso tope  da ta  a l s o  in d ic a te  tha t  the  S /S  r a t i o  of a n h y d r i t e  c a p ro c k  
v a r i e s  m u ch  m o r e  w ide ly  than  do the r a t i o s  of sa l t  r e s i d u e  a n h y d r i t e  
f r o m  a l l  d o m e s .
The vo lum e  of a n h y d r i t e  c a p r o c k  can  be m o r e  e a s i l y  exp la in ed  
in t e r m s  of d i s so lu t io n  and  l a t e r  r e p r e c i p i t a t io n  of the  m i n e r a l  than  
by only s im p le  a c c u m u la t io n  on top of the  sa l t .
L e s s  c o m m o n  c a p ro c k  m i n e r a l s  include  p y r i t e ,  which  i s  m o s t  
c o m m o n  in the ca lc i t e  zone; q u a r t z ,  a s  t e r m i n a t e d  c r y s t a l s  o r  r o ­
s e t t e s  and  a p p e a r  v e r y  s i m i l a r  to those  c r y s t a l s  w i th in  the  sa l t ;  
a r a g o n i t e  and  h a l i t e .  S e d im e n ts  o c c u r  within  a l l  c a p ro c k  l i thology 
ty p es .  The d e t r i t u s  m a y  be f ine ly  d i s p e r s e d ,  f i l l ing  f r a c t u r e s  o r  
can be  a  bedded  d epos i t .
T H E  GEOCHEMICAL. ENVIRONMENT
G e n e r a l  S ta tem en t
T h e  g e o c h e m ic a l  e n v i ro n m en t  a s s o c i a t e d  w ith  the  c a p ro c k  
m u s t  be  qu i te  com plex ,  as  shown by the  l a r g e  n u m b e r  of m i n e r a l  
s p e c i e s  and t h e i r  v a r i a b l e  d i s t r ib u t io n .  T r a c e  e le m e n t  a n a ly s i s  
of  th e  m i n e r a l s  t h e m s e lv e s  h a s  a l so  in d ica ted  t h i s  c o m p lex i ty .  A 
m o r e  th o ro u g h  u n d e rs ta n d in g  of c a p r o c k  g e n e s i s  r e q u i r e s  knowledge 
of t h e  i n t e r a c t i o n  b e tw een  the  s o l id - w a te r  p h a s e s  in t h e  e n v i ro n m e n t .  
T h is  knowledge m u s t  inc lude  in fo rm a t io n  on the  g e o c h e m i s t r y  of 
i n t e r s t i t i a l  w a t e r s ,  bo th  in the  c a p r o c k  and in  th e  c i r c u m j a c e n t  
s e d i m e n t s .  W a te r  m o v e m e n t  in the  s u r ro u n d in g  s e d im e n t s  i s  a l so  
d i s c u s s e d  in  t h i s  s ec t ion .
Due to  the  l a c k  of da ta  in c a p r o c k - f o r m i n g  e n v i r o n m e n t s ,  
p r i m a r i l y  w a t e r  c h e m is t r y ,  th e  g e o c h e m ic a l  e n v i ro n m e n t  m u s t  be 
a p p ro x im a te d  f r o m  th e  known m i n e r a l  a s s e m b l a g e s ,  the  c h e m ic a l  
c o n s t i tu e n ts  of th e  ro ck  and g r o u n d w a te r s  and  th e  o r g a n i s m s  w h ich  
l ive  i n  t h e  e n v i ro n m e n t .  C e r t a in  l im i t s  can  now be  s e t  on t h e  c a p r o c k  
g e o c h e m ic a l  e n v i ro n m en t ,  b a s e d  on the  above m e n t io n e d  n a t u r a l  
f e a t u r e s .
G e o c h e m is t r y  of Sed im ent  I n t e r s t i t i a l  W a te r s
Oil  f ie ld  b r i n e s  a s s o c i a t e d  with  s a l t  d o m es  con ta in  c o n c e n ­
t r a t i o n s  o f  d i s s o lv e d  c o n s t i tu en ts  of f r o m  l e s s  th an  2 5 ,0 0 0  to  m o r e  
than.  145, 000 m i l l i g r a m s  p e r  l i t e r .  T a b le  37, page  207 p r e s e n t s
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the data  that  w e r e  oota ined  (Col l ins ,  1970) by ana lyz ing  the  p e t r o l e u m  
a s s o c i a t e d  w a t e r  s a m p le s .  A s t a t i s t i c a l  a n a ly s i s  of s o m e  L o u is ia n a  
oil f ie ld  b r i n e s  (Coll ins ,  1970) not a s s o c i a t e d  with  sa l t  d o m e s  is  
shown in Tab le  38 fo r  c o m p a r i s o n  with th o se  b r i n e s  a s s o c i a t e d  with 
the d o m e s .
The a s s o c i a t e d  b r i n e s  a r e  c h a r a c t e r i z e d  by the p r e d o m in a n c e  
of Cl am ong  the an ions ,  and  Na and  Ca am o ng  the  ca t ions .  Those  
b r i n e s  not a s s o c i a t e d  with sa l t  d o m e s  conta in  l e s s  to ta l  d i s so lv e d  
so l id s ,  but c o n s id e ra b ly  m o r e  Ca is p r e s e n t .  T h is  g r e a t e r  abundance  
of Ca is  p r o b a b ly  due to m o s t  of th e s e  oil f i e ld s  being lo c a te d  in the 
n o r t h e r n  p o r t io n  of L o u is ia n a ,  w h e r e  l im e s to n e  in the  s u b s u r f a c e  is 
m o r e  abundant  than  in the  so u th e rn  p a r t .
The da ta  of F ig u r e  33 show that  at  v a lu e s  l e s s  than  a p p r o x i ­
m a te ly  30 g r a m s  p e r  l i t e r  d i s so lv e d  so l id s ,  the  c o n c e n t r a t io n s  of Ca 
and Mg d i f fe r  but s l ightly .  A s  the  b r i n e s  b e c o m e  m o r e  concent ra te d ,  
t h e  Ca c o n c e n t r a t io n  i n c r e a s e s  m o r e  rap id ly  than  Mg. T h is  p r o c e s s  
m a y  be due  to d o lo m i t iz a t io n  r e a c t io n s  be tw een  c a lc i t e  and  m a g n e s iu m  
in the  b r i n e s ,  r e s u l t i n g  in an  i n c r e a s e  of c a l c iu m  in the  b r i n e s  a s  
in d ic a te d  in F i g u r e  33.
The SO^ and  HCO^ c o n c e n t r a t io n s  p lo t te d  in F i g u r e  34 s c a t t e r  
g re a t ly ,  but both show a s l ight  nega t ive  r e l a t i o n s h i p  to the  to ta l  
d i s s o lv e d  so l id s .  It i s  i n t e r e s t i n g  to  note the  l a r g e  v a r i a t i o n  of SO^ 








Totol  Dissolved Sol ids  ( g / l )
Figure 33
Calcium and Magnes ium vs Total  Dissolved So l ids  in S u b s u r f a c e  Br i ne s  ( D a t a  
from Col l ins ,  1 9 7 0 , Tables  3 6  ond 37  ). S y m b o l s ! A= Co in s e d i m e n t  b r i n e s , A  = Mg 
in s ed i me n t  br ines ,  @ = Co in cap rock  b r i n e s ,  Q=Mg in cap rock  b r ines  
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Figure 34
S u l p h a t e  and  b i c a r b o na t e  vs .Total  Dissolved Sol ids  in S u b s u r f ac e  Brines ( D a t a  
f rom Col l ins , 19 7 0 , Ta b l e s  36  and  37  ) . Symbols  1 A  = S 0 4 in s e d i m e n t  b r in e s ,  ▲ = 
HCO3 in s e d i m e n t  b r i n e s , ©  = S 0 4 in c a p r oc k  b r i n e s ,  # = H C 03  in caprock brines.  
(Da t a  for s a l t  dome a s s o c i a t ed  br ines  only)
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p lo t ted  dat& that  t h e r e  i s  a  r e c i p r o c a l  r e l a t i o n s h ip  be tw een  the 
su lpha te  being r e d u c e d  by the  oxidat ion of o rg a n ic  m a t t e r  and  
b ic a r b o n a t e  being fo rm e d .
F r o m  the c o r r e l a t i o n  m a t r i x  of Table  37, it can  be s e e n  tha t  
the  only c o r r e l a t i o n  with the top of the  sa l t  dom e  is  a po o r  one with 
the su lpha te  c o n c e n t ra t io n .  T h is  c o r r e l a t i o n  m ay  be due to an  
i n c r e a s i n g  a m o u n t  of a n h y d r i t e  d i s so lv e d  with depth.  The m a g ­
n e s i u m  in the  i n t e r s t i t i a l  w a t e r  d e c r e a s e s  s l igh t ly  with depth  whi le  
the c o n c e n t r a t io n s  of p o ta s s iu m ,  c a lc iu m ,  b ic a rb o n a te  and  su lpha te  
i n c r e a s e .  T h e r e  a p p e a r s  to be a  s m a l l  p o s i t iv e  c o r r e l a t i o n  be tw een  
pH and depth.
A b n o r m a l  r e s e r v o i r  p r e s s u r e s ,  defined in p a g e  60, a r e  
e n c o u n te r e d  in the a r e a  su r ro u n d in g  sa l t  d o m e s .  J o n e s  (1968) 
s t a t e s  that  the  e n t r a p m e n t  of w a t e r  in g e o p r e s s u r e d  r e s e r v o i r s  of 
the  n o r t h e r n  Gulf Basin  would be geo log ica l ly  sh o r t  l ived  excep t  fo r  
o s m o t ic  conf inem en t .  He b e l i e v e s  tha t  w a te r  ex p e l le d  f r o m  the 
r e s e r v o i r  th rough  c lay  bed s  is  d i lu ted  by h y p e r f i l t r a t io n  and d i s ­
so lv ed  so l id s  in r e m a in in g  w a t e r  a r e  c o n c e n t r a te d  un t i l  o s m o t ic  
p r e s s u r e  opposing the  flow e q u a ls  the  h e ad  d i f f e r e n t i a l  due to the  
o v e rb u rd e n .
The d i s t r ib u t io n  of s a l in i ty  with depth i s  e x t r e m e l y  v a r i a b l e  
above dep ths  rang ing  lo ca l ly  f r o m  8 .0 0 0  to 12 .000  fee t  in g e o ­
p r e s s u r e d  a r e a s ,  but below th is  depth  r a n g e  t h e r e  i s  a  g e n e r a l
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p r o g r e s s i v e  f r e s h e n in g  ( Jo n e s ,  1968). F ig u r e  35 i l l u s t r a t e s  condit ions  
which  e x is t  in the  g e o p r e s s u r e d  a r e a  su r ro u n d in g  J e a n e r e t t e  Dome,
K
L o u is ia n a .  A s h a r p  d e c r e a s e  in sa l in i ty ,  a c c o m p a n ie d  by a  f a i r ly  
a b ru p t  i n c r e a s e  in g e o p r e s s u r in g  can be  noted a t  a depth of a p p r o x ­
im a te ly  12 ,000 fee t ,  o r  about  4 ,0 0 0  fee t  be low  the sh a l lo w es t  sa l t  
p e n e t r a t i o n .  T r a n s f e r r i n g  the b o re h o le  da ta  of F ig u r e  35 to F i g ­
u r e  20, page  59. a  w e l l  d r i l l e d  on the f lank  of the  id e a l i z e d  sa l t  
d om e  m a y  e n c o u n te r  g e o p r e s s u r in g  and a  d e c r e a s e  in s a l in i ty  at  the 
top of the  gouge sha le  s e rv in g  a s  a s e m i p e r m e a b l e  m e m b r a n e .  The 
o s m o t ic  e f f ic iency  of th is  sha le  would depend  upon the w a t e r - s a l i n i t y  
c o n t r a s t  on e i t h e r  s id e  of the  m e m b r a n e  (Young and  Low, 1965).
T e m p e r a t u r e s  of the c a p r o c k  f lu ids  at dep ths  of 1 ,000  to 
2 ,0 0 0  fee t  g e n e r a l l y  r a n g e  f r o m  about  40 to 95°C (T ab le  36; Guoyd,
1950). T e m p e r a t u r e s  a s  high a s  136°C and  g r e a t e r  have  been  e n ­
c o u n te re d  in g e o p r e s s u r e d  r e s e r v o i r s  in south L o u is ia n a ,  with the  
g e o th e r m a l  g ra d ie n t  be ing  s t e e p e s t  in that  p a r t  of the c lay  beds  i m ­
m e d ia t e ly  o v e r ly ing  g e o p r e s s u r e d  r e s e r v o i r s  ( Jo n es ,  1968).
Nonion ized  d i s so lv e d  so l id s ,  am ong  th e m  s i l i c a  and  b i c a r ­
b ona te ,  a r e  ab le  to m ove  u p w a rd  with w a t e r  that  e s c a p e s  th rough  
c lay  b e d s  that  behave  a s  s e m i p e r m e a b l e  m e m b r a n e s .  The up p e r  
p a r t s  of th e s e  c lay  beds  often conta in  p r e c i p i t a t e s  of c a rb o n a te  and  
s i l i c a  which  m a y  be a  r e s u l t  of c h e m ic a l  r e a c t io n s  with exchange  
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Figure  35
P r e s s u r e  vs Depth Plot
( Source  of  d a t a  c l a s s i f i e d  by c o n t r i b u t o r ' s  r e q u e s t )
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g r a d ie n t s  ( Jo n e s ,  ’ 968), o r  p o s s ib ly  by the s im p le  m ix ing  of the 
n a t u r a l  w a t e r s  with  d i f fe re n t  c h e m ic a l  a n d / o r  p h y s i c a l  p r o p e r t i e s .
M ovem ent  of the  i n t e r s t i t i a l  w a t e r  o c c u r s  in r e s p o n s e  to 
p o ten t ia l  f ie ld s  (Hubber t ,  1953). The p o ten t ia l  f i e ld s  m a y  o r ig in a te  
by d i f f e r e n t i a l  p r e s s u r e  due to the  o v e rb u rd e n ,  d i f f e r e n c e s  in e l e ­
va t ion ,  o s m c r ic  p r e s s u r e s ,  d i f f e r e n c e s  in t e m p e r a t u r e ,  m o v em en t  
of the  sa l t  d o m e  o r  bv a c h e m ic a l  p o ten t ia l  g ra d ie n t .
L e r m a n  (1970) su g g e s t s  s e v e r a l  p o s s ib le  m o d e l s  which  
a p p r o x im a te  cond i t ions  und e r  which m o v em en t  of i n t e r s t i t i a l  w a t e r  is  
due to the p h y s i c a l  c h a r a c t e r i s t i c s  of the e n v i ro n m e n t .  A b r i e f  
outl ine  of h is  m o d e ls  which m ay  be app l ica b le  to the  sa l t  dom e 
e n v i r o n m e n t  is  a s  fol lows.
H is  f i r s t  m o d e l  c o n s i s t s  of a n  " in f in i te ly  h igh"  b r ine  colum n 
in a p o r o u s  m e d i u m  o v e r ly in g  and  " in f in i te ly  th ick"  h a l i t e  bed.  The
in i t i a l  NaCl content  of the b r in e  is  C - 0. 2mNa Cl, the  c o n c e n t ra t io no
at  the  b r i n e - s a l t  i n t e r f a c e  is  m a in ta in e d  at  the  s a t u r a t i o n  value  of
h a l i t e  C = 6 .  lmN aCl.  At a  d i s t a n c e  z = 100 m e t e r s  above  the  s
b r i n e - s a l t  i n t e r f a c e ,  the  NaCl c o n c e n t ra t io n  would a p p r o a c h  C. „
^  100
(90% of the  s a t u r a t io n  vnlue o r  5. SmNaCl) a s  a funct ion  of t im e  
a c c o rd in g  to the re la t io n sh ip .
C 100 = Co + (Cs '  Co) e r f c  (Z/S D t* } (6)
w h e r e  e r f c  is  the  e r r o r  funct ion c o m p lem e n t  ( e m p i r i c a l l y  de r ived ) ,
-5  2D i s  the  d if fus ion  coeff ic ien t  of NaCl ( taken to be 1x10 c m  / s e c )
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and  t_ is  t im e .  Thus,  the NaCl c o n ce n t ra t io n  at 100 m e t e r s  above the
sa l t  c o m e s  to  C in a p p ro x im a te ly  155x10 y e a r s .  This  p r o c e s s  is
qui te  s low when m o le c u la r  d iffusion is  the  only t r a n s p o r t i n g  agen t .
A  second  m o d e l  is id en t ica l  to the  f i r s t  one, excep t  the  b r in e
flows up w a rd s  in the  £  d i r e c t io n  n o r m a l  to the sa l t  at a  r a t e  of 
_5
V = lx l0  c m / s e c  (approx.  3 m /y r ) .  The change in NaCl c o n ce n ­
t r a t io n  at z = 100 m e t e r s  is d e s c r i b e d  by:
z -v t  , z+Vt (7)
•100 -  J o + * (Cs - Co> e r f c  f o r  + 1 V D> e r f c  2 D tc , _  = c
The NaCl c o n c e n t ra t io n  at £  above the  sa l t  ob ta ins  C jqq in a p p r o x i ­
m a te ly  320 y e a r s .  'This is a r e l a t i v e ly  fast  p r o c e s s ,  and i l l u s t r a t e s  
how a flow r a t e  a s  low a s  1 c m / d a y  can i n c r e a s e  the  b r in e  c o n c e n t r a ­
t ion  by a l a r g e  f a c to r  when c o m p a r e d  with d i ffus ion  without flow.
F i g u r e s  3b and 37 i l l u s t r a t e  tha t  the flow of w a te r  m oves  
u p w a rd  a d ja c e n t  to and above the sa l t  dom e.  F r e s h  w a t e r  r e a c h e s  a 
g r e a t e r  depth  to w a rd  the f lanks  of the  dom e  than  in the su r ro u n d in g  
a r e a ,  and  it is  u su a l ly  a b sen t  a l t o g e th e r  ov e r  the  apex  of the  dom e 
(Rollo, I960).  T ay lo r  (1938) no tes  that  the a r e a s  in which the m o r e  
sha l low  sa l t  d o m e s  occu r  a r e  c h a r a c t e r i z e d  by' s a l ine  and  " s o u r "  
w a f e r  s p r in g s .  F ig u r e  38 d i sp la y s  sha l low  w a t e r  qua l i ty  a s s o c i a t e d  
with  the  S t r a t to n  Ridge Dome, T ex as .
On a l a r g e r  sca le ,  the  effec t  a  sa l t  dom e h a s  on the  a l t i tude  
of the  b a s e  of f r e s h  ground  w a t e r  is  l e s s  a p p a r e n t .  Salt  d o m e s  of 
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Figure36 Mop showing by contours the alt i tude of the base of fresh ground water in the vicinity of 
Rayburns salt dome, Bienvil le Parish, (af ter  Rollo, l960)
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Figure 3 7  Geologic section of Rayburns salt dome, Bienville Poruh ( af ter  R o l lo , l96 0)
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Average  dep t h  to s a l t  = 1 , 6 3 3  f e e t
S e c o n d a r y  s a l i n e  w a t e r s  




Figure 3 8  
S t r a t t o n  R i d g e  Dome 
S h a l l o w  w a t e r  a n o m a l y  
( F r o m  P r o b l e m s  of  Pet .  Geol . ,  1 9 4 2 ,  p. 8 9 6  )
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c o n to u r s ,  tho b a se  of f r e s h  w a te r  (Rollo, 1960, p la te  3). The top of 
the sa l t  w a s  then  c o r r e l a t e d  with the  dep th  to sa l t  w a t e r  a n d  it w as  
found that  no c o r r e l a t i o n  e x i s t s  (coeff ic ient=0.  055).
G e o c h e m is t r y  of C ap rock  I n t e r s t i t i a l  W a t e r s
I n t e r s t i t i a l  w a t e r s  in c ap ro c k  a r e  of m o d e r a t e  s a l in i t e s  and  
a r e  c h a r a c t e r i z e d  by an  abundance  of ca lc iu m ,  su lpha te  and  b i c a r ­
bona te  ions in so lu t ion .  A lso  a s s o c i a t e d  with  t h e s e  w a t e r s  i s  a 
f a i r l y  h igh  c o n c e n t r a t io n  of d i s s o lv e d  H^S. The e q u i l i b r i u m  d i s t r i ­
bu t ion  of su lp h u r  s p e c i e s  u n d e r  s t a n d a r d  P - T  cond i t ions  i s  i l l u s t r a t e d  
in F i g u r e  39. This  f ig u re  in d ic a te s  tha t  n o n e q u i l ib r iu m  condit ions  
p r o b a b ly  e x is t  in the c a p ro c k  e n v i ro n m e n t  due to the  ex pec te d  low 
Eh and  f a i r l y  h igh  pH v a lues  in the  e n v i ro n m e n t  with  the  a s s o c i a t io n  
of SO^ and  H^S. H ighe r  P - T  v a lu e s  only s l igh t ly  effect  the e q u i l ib ­
r i u m  b o u n d a r i e s ,  and the ionic  s p e c i e s  a r e  independen t  of the  to ta l  
d i s s o lv e d  su lp h u r  s ince  the b o u n d a r ie s  a r e  only w h e r e  the  r a t i o s  of 
su lp h u r  s p e c i e s  a r e  uni ty .  H S is  the  s ta b le  s p e c i e s  u n d e r  a c id  
r e d u c in g  cond i t ions ,  but i s  the s tab le  su lp h u r  s p e c i e s  u n d e r  b a s i c  
re d u c in g  cond i t ions  which  a r e  m o r e  l ike ly  in the  c ap ro ck .
The i r o n  m i n e r a l s  p r e s e n t  in c a p ro c k  a r e  a l s o  an  ind ica t ion  
of r e d u c in g  cond i t ions .  P y r i t e  i s  the  m a j o r  i ro n  m i n e r a l  and  only 
r a r e l y  h a s  h e m a t i t e  been  r e p o r t e d .  The m i n e r a l  i s  s t a b le  u n d e r  a  
wide  pH ra n g e  but  is  r e s t r i c t e d  to n ega t ive  Eh v a lu e s  above a pH 
of 6 (fig. 40). The o c c a s io n a l ly  found cop per  su lp h ides  a r e  a l s o
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Equi l ibr ium d i s t r i bu t ion  of  su l f u r  s p e c i e s  in w a t e r  a t  2 5 ° C  a n d  I at ­
m o s p h e r e  to t a l  p r e s s u r e  for a c t i v i t y  d i s so lved  s u l f u r  = 10“*.Under  
t h e s e  c o n d i t i o n s , n a t i v e  su l fu r  is a s t a b l e  p ha s e .  Oashed l ine i n d i ­
c a t e s  equa l  va l ues  of d i s s o l v e d  s p e c i e s  within su l fur  f i e l d . ( A f t e r

















S t a b i l i t y  re l a t i ons  of i ron ox i de s  a n d  s u l f i d e s  in w a t e r  a t  2 5 °C  and I 
a t m o s p h e r e  t o t a l  p r e s s u r e  a t  an a c t i v i t y  of d i s so lved  s u l f u r  of I 0 '1. 
B o u n d a r i e s  be tween ions  ond so l ids  a r e  o t  an ac t iv i t y  of lO‘*of dissolved 
i ron s pe c i e s . Th e  numeral  - 4  is t he  log of  t he  i ron a c t i v i t y  u s e d  to show 
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Figure 41
St ab i l i t y  of  some  iron ox i de s  and su l f i de s  a s  f un c t i on s  of  Po2 a n d  Ps2 
a t  2 5 °C  ond I a t m o s p h e r e  t o t a l  p r e s s u r e .  S tabi l i t y  r e l a t i o n s  for  
w a t e r  a r e  s u p e r i m p o s e d  . ( A f t e r  G a r r e l s  a n d  C h r i s t , 1 9 6 5  )
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r e s t r i c t e d  to a reducing  condit ion and  g e n e r a l ly  r e q u i r e  f a i r l y  high pH 
a s  shown by Eh -pH d i a g r a m s  of the  s y s t e m  C u - F e - S - O - H  ( G a r r e l s  
and C h r i s t ,  1965), P y r i t e  a l s o  is an ind icat ion  of the  a c t iv i ty  of the  
gas  p h a s e s ,  if the a s s u m p t io n  is  m ad e  that  ac t iv i ty  is  a p p r o x im a te ly  
equa l  to i t s  p a r t i a l  p r e s s u r e  at  c a p ro c k  P - T  cond i t ions .  The P o  - P s _
b Ct
d i a g r a m  (fig. 41) shows that  p y r i t e  i s  the  s tab le  m i n e r a l  when log 
P o 2 r a n g e s  be tw een  about  -30 to -83 and log P s ^  is  in the r a n g e  of 
O to - 34.
The w i d e s p r e a d  o c c u r r e n c e  of the  s u lp h a te - r e d u c in g  b a c t e r i a  
D e su l fo v ib r io  in the c a p r o c k  b r i n e s  is  a n o th e r  ind ica t ion  tha t  the  
e n v i ro n m e n t  is  a b a s i c  reduc ing  one. The o r g a n i s m s  s u rv iv e  bes t  
b e tw een  a pH of 6 to 10 and Eh v a lu e s  of +0. 2 to -0 . 4 (Becking ,  I960). 
F e e ly  and Kulp (1957) s ta te  that  a c id  condit ions  d e p r e s s  t h e i r  g row th  
r a t e  g r e a t ly ,  and  a  h igh pH i n c r e a s e s  the  grow th  r a t e  but the  s t a t i o n a r y  
popu la t ion  i s  r ed u ced .
A n h y d r i t e - B r i n e  E q u i l ib r ia
The a n h y d r i t e - b r i n e  e q u i l i b r iu m  r e l a t i o n s h ip  m a y  be a m o s t  
i m p o r t a n t  f a c to r  in the  deve lop m en t  of a n h y d r i t e  c a p ro c k .  The 
so lub i l i ty  of an h y d r i te  can be s a t i s f a c to r i l y  p r e d i c t e d  by a m o d e l  which 
t a k e s  into accoun t  ionic  s t r e n g th ,  t e m p e r a t u r e  and  the  am o u n t  and  type 
of c o m p le x e s  in the so lu t ion  ( M a r s h a l l  and S lu sh e r ,  1968; L e r m a n ,
1970). The following is  a d i s c u s s i o n  of the  m o d e l  a p p l ie d  to th o se  
b r i n e s  in and  a ro u n d  cap rock :
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The m o la r  quotient  Ca** /(SO  * + HCO^ ) w as  f i r s t  c a lcu la te d
fo r  e ac h  b r in e  a n a ly s i s .  T h ese  v a lu e s  w e r e  then  p lo t te d  a g a in s t  to ta l  
d i s so lv e d  so l id s ,  and a r e  shown in F i g u r e  42. The m o l a r  quot ien t  
i s  c o n s id e r e d  an  in d ic a to r  of w h e th e r  a b r in e  can  b e c o m e  d ep le ted  in
m i n e r a l  p h a s e s  ( l e r m a n ,  1970). P r e c i p i t a t i o n  of a n h y d r i t e  o r  gy psu m  
would not d ep le te  the b r in e  of i t s  su lpha te  if the quot ien t  is s m a l l e r  
than  one, but would dep le te  it if the  va lue  i s  g r e a t e r  than  one.
In o r d e r  to d e t e r m i n e  the a n h y d r i t e - b r i n e  e q u i l i b r i a  c u rv e  of 
F ig u r e  42 the  co m po s i t io n  of the b r i n e s  was  a v e r a g e d  within  s u c c e s ­
s ive  i n t e r v a l s  of 25 g / l  to ta l  d i s s o lv e d  so l id s ,  and  the c o n c e n t r a t i o n s
of C a + + and  SO, w e r e  c a lc u la t e d  fo r  each  of the  " m e a n "  b r i n e s  a t  4
e q u i l i b r iu m  with an h y d r i t e  at  75°C. New va lues  of the  m o l a r  
quo t ien t  C a ++/ (SO^ + HCO^ ) w e r e  c om pu ted  and the  sm oo th  e q u i l ib ­
r i a  cu rv e  w as  d raw n  be tw een  the c a lc u la te d  v a lues .  The m eth o d  and 
the  ca lcu la t io n s  to obta in  th is  c u rv e  w e r e  taken  f r o m  r e p o r t s  by 
L e r m a n  ( J 970), M a r s h a l l  (1967) and  M a r s h a l l  and  S lu s h e r  (1968) and 
a r e  a s  follows:
Using the in i t ia l  va lues  of the ionic  s t r e n g th  I the  " p r a c t i c a l "  
ionic  so lub i l i ty  p rod u c t  fo r  a n h y d r i t e  a t  75°C is c a l c u l a t e d  by the
su lpha te  (and c a rb o n a te s )  by p r e c i p i t a t i o n  of CaSO^ (and CaCO^)
equat ion
log Ksp = log K° + - B i - C l 2 (8 )
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I00-.
• =s e d i m e n t  brines 
o = coprock br ines 
x = co l cu l a t ed  equi l i br i a
10-
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Anhydr i te-Br ines  equi l ibr ia 
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Figure 4 2  
Molar quotient C a*V (S Q | + HC0 3 ) in salt dome associated sub­
surface brines. Data from Tables 3 6  and 37.
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w h e r e  K is  the t h e r m o d y n a m ic  d i s s o c i a t i o n  cons tan t  a t  the  sp e c i f i ed  
t e m p e r a t u r e ,  S is the  D e b y e-H u ck e l  l im i t in g  s lope  and A ,  B a n d  C 
a r e  e m p i r i c a l  c o n s ta n t s  dependen t  on t e m p e r a t u r e  d e r i v e d  by 
M a r s h a l l  a n d  S lu s h e r  (1968). F r o m  the def in i t ion  of log Ksp in 
equa t ion  (8) it fo l lows that  fo r  a n h y d r i t e  a t  e q u i l i b r i u m  with a b r in e  
the  a c t iv i t y  of w a t e r  i s  c o m p e n s a te d  fo r  in the  p a r a m e t e r s  B and  C.
It w a s  concluded  that  MgSO^° is  the  m o s t  i m p o r t a n t  c o m p lex  
w h ich  c o n t r o l s  the so lub i l i ty  of the  c a lc iu m  su lp ha te  m i n e r a l s  (M a r s h a l l  
a nd  S lu s h e r ,  1968), m ak ing  it n e c e s s a r y  to know the a m o u n t  of 
c o m p le x e d  in the  ion p a i r .  The c o n c e n t r a t io n  of MgSO^° i s  e x p r e s s e d
a s
(9)(MgSO°) = Ksp (Mg + +) /  [ ^ CAI q  ) Kd + K sp J
w h e r e  the  p a r e n t h e s e s  in d ica te  m o l a r  c o n c e n t r a t i o n s ,  M g++ is  the
to ta l  m a g n e s i u m  in the b r in e ,  C a ^  is  the c a l c iu m  c o n c e n t r a t io n  a teq
e q u i l i b r i u m  with a n h y d r i t e  (in the  f i r s t  s t e p  C a++ = C a ++ f r o m  c h e m ic a leq
a n a ly s i s}  and  Kd is  the  d i s s o c i a t i o n  cons tan t  of MgSO^° a s  d e t e r m i n e d  
by  M a r s h a l l  (1967). Kd is  c a lc u la te d  f o r  a n h y d r i t e  a t  75°C  by the
fo l lowing equa t ion :
8 x 0. 5645 x/Tlog Kd = -2 .  846 + (1 + n/T) ( 1 0 )
When e q u i l i b r i u m  is  a t t a in e d  with a n h y d r i t e ,  equ iva len t  
^ —
a m o u n t s  of Ca a n d  SC) a r e  e i t h e r  ad d ed  to, o r  s u b t r a c t e d  f r o m ,4
th e  b r in e ;  depend ing  on w h e th e r  it is  u n d e r s a t u r a t e d  o r  s u p e r s a t u r a t e d
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with r e s p e c t  to a n h y d r i te .  A m o r e  r e l i a b l e  so lub i l i ty  p ro d u c t  of 
a n h y d r i t e  thar. the  ̂ j l u e s  f r o m  equa t ion  (8) may be c a l c u l a t e d  in the  
equat ion
X2 + X (C a++ + SCT - MgSO °) + C a ++ (SCf - MgSO° J - K s p  = O (11) o r  4 o r  4 o r  4 o r  ® 4
w h e r e  the su b s c r ip t  o r  in d ic a te s  the  o r ig in a l  m o l a r  c o n c e n t r a t io n  in
so lu t ion  and  X is  the  n u m b e r  of m o le s  of C a++ and p e r  1000 g
H^O added  o r  s u b t r a c t e d  f r o m  the  so lu t ion  when it a t t a i n s  e q u i l i b r iu m
with an h y d r i te .
A new value  of ionic: s t r e n g th  is  now c a lc u la t e d  by the  r e l a t i o n ­
ship:
I' = I - 4 M gS 04 °  + 4X (12)
Using th is  new value of I' i r o m  equat ion  (12), the  e n t i r e  p r o c e d u r e  was  
r e p e a t e d  t h r e e  t im e s  by r e c a l c u la t in g  equ a t io n s  (8 ' ,  (9), (10), (11) 
and (12). In equa t ion  (9) C a ++ eq w a s  u s e d  f r o m  the p r o c e e d in g  s tep  
and  in equa t ion  (12) I is  a lw ay s  the  o r ig in a l  va lue  of the  ion ic  s t r e n g th .
The v a lu es  of I 1" and  Ca + + eq co n v e rg ed  with in  the  t h r e e  s t e p s  
ind ica t ing  the p r o c e d u r e  w as  c o m p le ted .  The v a lu e s  of X o b ta in ed  in 
the  t h i r d  s tep  w e r e  a lg e b r a i c a l l y  added  to the  c o n c e n t r a t i o n  of C a ++ 
and g i ' rer. by the a n a ly s i s .  New v a lu e s  of the  m o l a r  quot ien t
C a++/(SC>4 H C O j  ) w e r e  then  c om puted  and  p lo t te d  on F i g u r e  42 
fo r  e a c h  " m e a n "  b r in e .
The c u rv e  w as  c a lc u la te d  a t  75°C  b e c a u s e  th is  i s  r e g a r d e d  a s
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r e a s o n a b l e  fo r  the  dep ths  of c ap ro c k  fo rm a t io n .  The b r i n e s  s u p e r ­
s a t u r a t e d  with r e s p e c t  to a n h y d r i te  a r e  the po in ts  be low  the cu rv e  
(fig. 42) and those  b r i n e s  u n d e r s a t u r a t e d  fa l l  above  the c u rv e .  An 
i n c r e a s e  in t e m p e r a t u r e  would only s l igh t ly  m ove  the c u rv e  upw ard ,  
w h e r e a s  a d e c r e a s e  in t e m p e r a t u r e  to a ro u n d  30°C would m ove  the 
c u rv e  c o n s id e r a b ly  downw ard  (see  fig. 4, page 19).
It can be s e en  in F ig u re  42 that  the  c a p ro c k  b r i n e s  a r e
e i t h e r  c lose  to e q u i l i b r iu m  o r  a r e  s u p e r s a t u r a t e d  with  r e s p e c t  to 
oa n h y d r i t e  at  75 C. Most  of the  se d im e n t  b r in e s  a r e  f a i r l y  w e l l  
u n d e r s a t u r a t e d  with  r e s p e c t  to a n h y d r i t e ,  and those  s u p e r s a t u r a t e d  
m a y  indeed  be b r in e s  lo ca te d  d i r e c t l y  on the f lanks  of the  d om e .  If 
Ca + + and  SO^ w e r e  added  in equ iva len t  a m o u n t s  to the  u n d e r  s a t u r a t e d  
s e d im e n t  b r i n e s ,  the  v a lu es  of the  C a ++/  (SO^ + HCO^ ) quot ien t  
would d e c r e a s e  and  fa l l  c l o s e r  to the  e q u i l ib r i a  cu rv e .  Thus ,  b r i n e s  
m ig r a t i n g  to w a rd  the  sa l t  would be u n d e r  s a t u r a t e d  with r e s p e c t  to 
a n h y d r i t e .  Upon con tac t  wi th  the  dom e and  m oving u p w a rd  along the 
f l an k s  the b r i n e s  would i n c r e a s e  in C a++ and by d i s so lv in g  the
a n h y d r i t e  which  would r e s u l t  in  a  d e c r e a s e  of the  m o l a r  quo t ien t .  At 
s jmft point  th e  b r i n e s  would b e c o m e  s u p e r s a t u r a t e d  with r e s p e c t  to 
a n h y d r i t e ,  and  a n h y d r i te  would p o s s ib ly  be p r e c i p i t a t e d .  The addi t ion  
of HCO^ by the  b a c t e r i a l  su lpha te  r e d u c t io n  p r o c e s s  (equa t ion  2, page  
91) to the  s u p e r s a t u r a t e d  b r i n e s  would i n c r e a s e  the m o l a r  quo t ien t ,  
and  CaCO^ could be p r e c ip i t a t e d .
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S u m m a r y
The c a p ro c k  g e o c h e m ic a l  e n v i ro n m e n t  c o n s i s t s  of b a s i c  and  
red u c in g  condit ions  with the  p r o b a b le  l im i t s  of pH of 7 to 10 and 
Eh v a lues  ran g in g  f r o m  -t l i t t le  o v e r  O down to as  low a s  -0 .  4 vo l ts .
E q u i l i b r i a  r e l a t i o n s h ip s  be tween  the  i n t e r s t i t i a l  w a t e r  and 
m i n e r a l s  found in c ap ro ck ,  sa l t  and s e d im e n t s  a r e  v e r y  complex .
The s p e c i e s  and r e a c t i o n s  in c a p ro c k  and s e d im e n t  b r i n e s  c o n s id e r e d  
im p o r ta n t  involve  both ac id  and b a s ic  aqueous  so lu t ions  conta in ing  
f a i r l y  h igh  so d iu m  ch lo r id e  c o n c e n t r a t io n s .  The b r i n e s  a s s o c i a t e d  
with the  s e d im e n t s ,  and  be l iev e d  to m i g r a t e  up w a rd  a long the f lanks  
of the  d o m e s ,  a r e  som ew hat  ac id ic ;  w h e r e a s  the  b r i n e s  in the  c~prock  
a r e  p ro b a b ly  b a s i c .  T e m p e r a t u r e s  v a r y  w ide ly  in the sa l t  dom e  
e n v i ro n m e n t ,  but it h a s  been  noted tha t  the t e m p e r a t u r e  i n c r e a s e s  
m o r e  r a p id ly  above the  dom e  and at  the f lan ks  than  with in  the  sa l t  
(Hawtof, 19 30). I n c r e a s e s  in both  pH and  NaCl c o n c e n t r a t io n  effect  
the  s ta b i l i ty  of the c l a s t i c  s i l i c a t e s :  The amounts  of K +, F e ++ and
C a ++ in t r o d u c e d  into the b r i n e s  i n c r e a s e  with i n c r e a s in g  to ta l  sa l t  
content  (Althaus ,  1969). The so lub i l i ty  of h a l i te  is  p r i m a r i l y  a 
funct ion  of the  c o n c e n t r a t io n  and type of o th e r  ionic  so lu te s  p r e s e n t  
(iig. page  16). G y p s u m - a n h y d r i  te  e q u i l i b r iu m  r e l a t i o n s  a r e  of 
i n t e r e s t :  MacDonald  (1953) in d ic a te s  that  g y p su m  is  not in e q u i l i b r iu m  
with b u r i e d  h a l i t e  except  at t e m p e r a t u r e s  lo w e r  than  14°C, yet 39 
p e r c e n t  of the  b o r e h o le s  s tud ied  have  th is  l i tho log ic  r e l a t io n sh ip .
A n h y d r i t e - b r i n e  e q u i l ib r i a  ca lcu la t io n s  show that s e d im e n t  i n t e r s t i t i a l
witei-s  a r e  ur.dt re . . iu r  <t «-d v ith r e s p e c t  to anhydr  ite. As th e s e  w a t e r s  
m ove  up the f lanks  of the dom e they  d i s s o lv e  the a n h y d r i t e  a s  w e l l  a s  
the s a l t .  At so m e  point,  p o s s ib ly  a t  the  top of the  dom e ,  the  b r i n e s  
m a y  b e co m e  su p e r  s a t u r a t e d  and p r e c i p i t a t e  a n h y d r i t e .  An add i t ion  of 
HCO.^ to the  c a p ro c k  b r i n e s  could r e s u l t  in the p r e c i p i t a t i o n  of
FALSE CAPROCK
G e n e r a l  S ta te m en t
An u n d e rs t a n d in g  of f a l se  c a p ro c k  ( s e d im e n t s  c i r c u m j a c e n t  to 
the  sa l t  d o m e  which have  been  in d u ra ted  by an  a u th ig en ic  c em en t  
d e r i v e d  f r o m  the t r u e  caprock)  is  e s s e n t i a l  to an  u n d e rs t a n d in g  of 
the t r u e  c ap ro ck .  The o r ig in  of f a l s e  c ap ro c k  in the  Gulf Coast  
r e g io n  is  d i r e c t ly  r e l a te d ,  and t h e r e f o r e  v e ry  s i m i l a r ,  to tha t  of the 
t r u e  c a p ro c k  of the reg ion .  The cem en t ing  m a t e r i a l s  of the ro c k  a r e  
the  s a m e  a s  the  m a j o r  m i n e r a l s  of the  t r u e  c ap ro ck .  The f o r m  and  
s i z e  of f a l s e  c a p r o c k  w i l l  be d i s c u s s e d .  A l a r g e  p e r c e n t a g e  of the 
in f o r m a t io n  c o n ce rn in g  fa l s e  c a p ro c k  in th is  sec t ion  w as  ob ta ined  f r o m  
a t h e s i s  by W a lk e r  (1968'.
All  of the  s a m p le s  which w e r e  s tud ied  a r e  c e m e n te d  by ca lc i t e  
to  so m e  d e g r e e ,  and the m a j o r i t y  conta in  only ca lc i t e  a s  the c em en t in g  
ag en t ,  wi th  the  am o u n t  of the m in e r a l ,  by weight ,  r ang ing  f r o m  1. 8 to 
73. 8 p e r c e n t  of the s a m p le s .  A s m a l l e r  p e r c e n t a g e  of the  s a m p le s  
a r e  c e m e n te d  by o th e r  au th igen ic  m i n e r a l s  to v a ry in g  d e g r e e s .  In 
a  few of the  w e l l s ,  and  v e ry  loca l ly ,  g y p su m  is  the  m a j o r  cem en t in g  
agen t .  A n h y dr i te  a l s o  lo ca l ly  c e m e n t s  so m e  of the s e d im e n t s ,  but 
n e v e r  e x c e e d s  f o u r  p e r c e n t  of the  c em en t  in any of the  s p e c im e n s .  
P y r i t e  w a s  o c c a s io n a l ly  noted  a s  a  cem en t ing  m i n e r a l ,  but  it i s  m o s t  
c o m m o n ly  found a s  d i s s e m in a t e d  c r y s t a l s  c e m e n te d  in e i t h e r  c a lc i t e  
o r  g ypsum .
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The a v e r a g e  fah-e > ip ro c k  sa m p le  con ta ins  about  t>0 p e r c e n t  
c l a s t i c  m a t e r i a l  a n d  40 p e r c e n t  au th ig en ic  m a t e r i a l .  T h e s e  au th igen ic  
m i n e r a l s  w e r e  found a s  ind iv idua l  c r y s t a l s ,  in c l u s t e r s  and  a s  the  
c e m e n t in g  agen t .  The s a m p le s  a l s o  con ta in  f r a g m e n t s  and  ind iv idua l  
g r a i n s  f r o m  the t r u e  c a p ro c k  (pla te  24, fig. 2), and  f a l s e  c a p ro c k  
f r a g m e n t s  f r o m  o th e r  a r e a s  a d ja c e n t  to the  dom e (p late  24, fig. 3).
When the r o c k s  a r e  h igh ly  f r a c t u r e d ,  m y lo n iz e d  m a t e r i a l s  a r e  l ike ly  
to be found (p late  24, fig. 5). It w a s  no ted  that  m an y  of the  s a m p le s  
h ad  c o n ta in ed  o r g a n ic  m a t t e r  d u r in g  the  t im e  of p r e c i p i t a t i o n  
( P la te  23, fig. 5). Thus ,  the  c o n s t i tu e n t s  which m a k e  up the f a l s e  
c a p r o c k  a r e  n u m e r o u s  and they  v a r y  g r e a t l y  f r o m  one a r e a  to a n o th e r .
The p r i m a r y  p r o p e r t i e s  of the  in d u ra te d  s e d i m e n t s  w e r e  found 
to  be p r a c t i c a l l y  a b sen t  in m o s t  of the  e x a m in e d  s a m p le s .  O r ig in a l  
f o r m  and  s i r e  of g r a i n s  w e r e  of ten d e s t r o y e d  by v a r io u s  p h y s i c a l  and 
c h e m i c a l  ch an g e s .  V ery  few of the  s a m p le s  con ta in  any p r i m a r y  
p o r o s i t y  and the  l a r g e s t  p e r c e n t a g e  of p o r e  sp a c e  w as  a r e s u l t  of 
d i s s o lu t io n  of the  cem en t .  The s e c o n d a r y  f e a t u r e s  a l t e r  the  s e d im e n t s  
to  a n  e x ten t  w h e r e  d i f f e re n t ia t io n  be tw een  the  t r u e  c a p r o c k  and  the 
f a l s e  c a p r o c k  b e c o m e s  im p o s s ib l e .  The f i r s t  m a j o r  s e c o n d a r y  f e a t u r e  
to  o c c u r  w a s  the  c e m e n ta t io n  of the  s e d im e n t s  by au th ig en ic  m i n e r a l s  
d e r i v e d  f r o m  m ig r a t in g  f lu ids .  A p r e r e q u i s i t e  to the  in d u ra t io n  w a s  
e n v i r o n m e n t a l  f a c t o r s  which  w e r e  f a v o ra b le  to a u th ig en ic  m i n e r a l  
p r e c i p i t a t i o n ,  but  w e r e  a p p a r e n t ly  un fav o ra b le  to the  s ta b i l i ty  of the
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m a j o r  c l a s t i c  m i n e r a l s ,  ,viih the  r e s u l t  01 the l e p l a c e m e n t  of the 
e l a s t i c s  by the s tab le  a u th igen ic  m i n e r a l s .
A uth igen ic  M in e r a l s
C a lc i t e  (CaCO^): Ca lc i te  is  the  m o s t  abundant  a u th ig en ic  
m i n e r a l .  The s i z e  of c a lc i t e  v a r i e s  f r o m  f inely  c r y s t a l l i n e  to 
c r y s t a l s  a s  l a r g e  a s  8. 5 m m .  C olor  o f  the m i n e r a l  r a n g e s  f r o m  
a l m o s t  c o l o r l e s s  to b rown,  depending  on the am oun t  a n d  type of 
i m p u r i t i e s  p r e s e n t .  C a lc i te  r e p l a c e s  to v a ry in g  d e g r e e s  a l l  of the  
f a l s e  cap m i n e r a l s  excep t  p y r i t e  and  p o s s ib ly  h a l i t e .  The m i n e r a l  
to ta l ly  r e p l a c e d  so m e  of the  c l a s t i c  g r a i n s ,  l eav ing  only t h e i r  r e l i c t  
b o u n d a r i e s ,  and  p a r t i a l l y  r e p l a c e d  a lm o s t  a l l  of the  g r a in s  ( p l a t e  23, 
f ig s .  1 and  2). None of the c l a s t i c  m i n e r a l s  r e p l a c e  c a l c i t e ,  but  
ca lc i t e  i s  p a r t i a l l y  r e p l a c e d  by gy p su m ,  su lphur  and  p o s s ib l y  b a r i t e .  
C a lc i t e ,  in a few  of the s a m p le s ,  i s  p a r t i a l l y  d o lo m i t iz e d .  A djacen t  
to s h e a r  z o n e s ,  the  ca lc i t e  c r y s t a l s  a r e  com m only  tw inned  and  even  
s l igh t ly  m y lo n iz e d  w h e r e  the  s h e a r  m o v e m e n t  w as  g r e a t  enough.  
R e c r y s t a l l i z a t i o n  of the  m i n e r a l  is  u su a l ly  a s s o c i a t e d  with  s o m e  type 
of s u p e r i m p o s e d  s t r u c t u r e ,  but i t  is  not r e s t r i c t e d  to t h e s e  a r e a s .
P y r i t e  ( F e S , ) t  This m i n e r a l  w as  found to be  se co n d  to c a lc i t e  
in ab u n d an c e .  The s iz e  of the  ind iv idua l  c r y s t a l s  r a n g e s  f r o m  a lm o s t  
s u b m i c r o s c o p i c  to about  2 m m .  , and  c l u s t e r s  of the  m i n e r a l  a r e  a s  
l a r g e  a s  15 m m .  The e u h e d r a l  c r y s t a l s  a r e  found a s  cubes ,  
p y r i t o h e d r o n s  and o c ta h e d ro n s ,  and a r e  u su a l ly  a s s o c i a t e d  with
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s e c o n d a r y  c a ' u u e  rec.err.en v«ti'-n. The g r a n u l a r  p y r i t e  c l u s t e r s  a r e  
m o s t ly  found with  o ld e r  genera t ion  c a lc i t e  and  g y p su m  (p late  24, fig.  1), 
and  lo ca l ly  th e  c l u s t e r s  a r e  the  c em en t in g  agen t .  P y r i t e  w as  o b s e r v e d  
in a l l  of the  f a l s e  c a p ro c k  s a m p le s ,  wi th  an a v e r a g e  c o n c e n t r a t i o n  of 
about  3 p e r c e n t .  A few of the s a m p le s  have  lo ca l ly  h igh  c o n c e n t r a t io n s  
of the  m i n e r a l ,  but  m o s t  f r eq uen t ly  th is  m i n e r a l  i s  d i s s e m in a t e d  
th roughou t  the  e n t i r e  sa m p le .  Su lphur ,  g y p su m  and  p o s s ib l y  c h e r t  is  
r e p l a c e d  by  p y r i t e  and  it is r e p l a c e d  by none of the m i n e r a l s .
G y p su m  (CaSO • ?H O): G y psu m  is  the  t h i r d  m o s t  abundant  
m i n e r a l  in  the  f a l s e  c ap ro ck .  F o u r  v a r i e t i e s  of the m i n e r a l  o c c u r  in 
the  s a m p l e s ,  w i th  e a c h  v a r f e ty  u s u a l ly  a s s o c i a t e d  with c e r t a i n  type  
f e a t u r e s :  The g r a n u l a r  v a r i e ty  of gyp sum ,  a l a b a s t e r ,  is  the m o s t  
co m m o n ,  and  i s  r e s p o n s i b l e  fo r  m o s t  g y p su m  c e m e n ta t io n  (pla te  24, 
f ig. 1); the  " c h a l c e d o n ic "  v a r i e ty  ( r e f e r s  only to f o r m  and  not to the  
p r e s e n c e  of cha lcedony ,  T ay lo r ,  1938) i s  r a t h e r  co m m o n  in r e c e m e n t e d  
f r a c t u r e s  a n d  o c c a s io n a l ly  i s  found in  w ith  the  c a lc i t e  c e m e n te d  e l a s ­
t i c s ;  s a t in  s p a r ,  the  f ib ro u s  v a r i e ty ,  i s  found m o s t ly  in c a lc i t e  c e m e n ­
ted  a r e a s  w h e r e  the  gy p su m  h ad  p a r t i a l l y  r e p l a c e d  the  ca lc i t e  (pla te  23, 
f ig. 2); the  s e l e n i t e ,  o r  t a b u la r  v a r i e ty ,  i s  com m on ly  a s s o c i a t e d  with 
the  c l a s t i c  g r a i n s .  The s iz e  of the  g y p su m  c r y s t a l s  i s  h igh ly  v a r i a b le ,  
w i th  the  s e l e n i t e  v a r i e ty  be ing the l a r g e s t ,  and  having  c r y s t a l s  a s  l a r g e  
a s  1. 3 m m .  A few of the  s a m p le s  con ta in  a s  m uch  a s  20 p e r c e n t  of 
the  m i n e r a l ,  bu t  it  i s  u su a l ly  found in s m a l l e r  a m o u n ts  and  m any
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sa m p le s  do r.'.: rvr.t.vLr. i n v  g rf.&um. All of the  -u th igen ic  m i n e r a l s  
excep t  a n h y d r i t e  and  ha l i te  r e p l a c e  gypsum ,  and g yp su m  r e p l a c e s  
a n h y d r i t e ,  c a l c i t e ,  su lphur ,  b a r i t e ,  and  d o lom i te .
A n h y dr i te  (CaSO^): A nhydr i te  w a s  found to be the  next m o s t  
abundant  m i n e r a l s .  The g r e a t e s t  p e r c e n t a g e  of the  m i n e r a l  is  
c o n ta ined  in the  s e d im e n t s  n e a r  the  t r u e  c a p r o c k  and  the am oun t  
g e n e ra l ly  d e c r e a s e s  in an  u p w ard  d i r e c t io n .  The f o r m  of a n h y d r i t e  
c r y s t a l s  a l s o  v a r i e s  with the  d i s t a n c e  f r o m  the t r u e  c ap ro ck .  The 
c r y s t a l s  n e a r  the  cap tend  to be e u h e d ra l ,  and with i n c r e a s in g  d i s ­
tan c e ,  the  c r y s t a l s  b e c o m e  i n c r e a s in g l y  f ib ro u s  (pla te  23, fig. 4), 
a l though t h e r e  a r e  m any  ex ce p t io n s .  When the m i n e r a l  w a s  m y lon ized ,  
o th e r  f o r m s  w e r e  c r e a t e d  (pla te  24, fig. 5). The s iz e  of the a n h y d r i t e  
c r y s t a l s  r a n g e s  f r o m  n e a r l y  s u b m ic r o s c o p ic  up to 2 m m .  A nhydr i te  
i s  e a s i l y  a l t e r e d  to g y p su m  in the  f a l s e  c a p ro c k  e n v i ro n m e n t ,  which  
m a y  accoun t  fo r  a  f a i r l y  l a r g e  p e r c e n t a g e  of the  g y p su m  found in th ese  
a r e a s .  A n h y d r i t e  does  not r e p l a c e  any of the  o th e r  m i n e r a l s ,  and  is 
r e p l a c e d  by a l l  of the  au th igen ic  m i n e r a l s  except  p y r i t e  and  h a l i t e .
B a r i t e  (BaSC) ): No d i s t in c t io n  w as  m a d e  be tw een  b a r i t e  and  4
c e l e s t i t e  in the  f »lse c a p ro c k  study.  It i s  b e l i ev e d  tha t  b a r i t e  p r e ­
d o m in a t e s  in the  w e l l s  e x am in e d ,  but  p ro b a b ly  c e l e s t i t e  i s  a l s o  p r e s e n t .  
The m i n e r a l  o c c u r s  m o s t ly  in f r a c t u r e s  and c a v i t i e s ,  but is  o c c a s io n a l ly  
a s s o c i a t e d  w i th  the  cem en t in g  c a lc i t e .  B a r i t e  found in f r a c t u r e s  i s  
a lw a y s  of a  t a b u l a r  to  b laded  f o r m  when suff ic ien t  sp a c e  w as  a v a i la b le
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for  g row th  ( p l i t e  24, fig. 4) and, when s p i c e  was  not a v a i la b le ,  the 
m i n e r a l  f o r m  is  a n h e d ra l .  In m o s t  of the s a m p le s ,  b a r i t e  i s  younger  
than  the  cem en t in g  ca lc i te  and is  often the s a m e  age a s  the  r e c e m e n t in g  
c a lc i t e .  E u h e d r a l  c r y s t a l s  r a n g e  in s iz e  f r o m  0. 05 m m .  to 1. 2 m m .  
in  leng th .  B a r i t e  is  r e p l a c e d  by ca lc i te  and su lp h u r ,  and it r e p l a c e s  
m o s t  of the  o th e r  au th igen ic  m i n e r a l s ,  but to a  v e r y  s m a l l  d e g re e .
D o lom ite  (Ca, M g l C O ^ ) :  Dolom ite  was  found to be the s ixth
m o s t  abundant  m in e r a l .  It g e n e r a l ly  o c c u r s  in defin i te  zones  which 
a r e  a s s o c i a t e d  with som e  s t r u c t u r a l  m o v em en t ,  and o c c a s io n a l ly  
o c c u r s  a s  d i s s e m i n a t e d  c r y s t a l s  in a r e a s  with no ev idence  of s t r u c ­
t u r a l  m o v e m e n t .  D o lom it iza t ion  of the cem en t ing  ca lc i t e  w as  o c c a s i o n ­
a l ly  noted  w h e r e  the  ca lc i te  i s  f i r e l y - c r y s t a l l i r . e  (plate  24, fig. 6).
The r h o m b o h e d r o n s  ra n g e  in s ize  f r o m  a p p ro x im a te ly  0. I m m .  to 
0. 8 m m .  D o lom ite  i s  r e p l a c e d  by ca lc i t e  and gypsum .
Su lphur  (S); Sulphur conta ined  in the  s a m p le s  was  l a r g e ly  
found a s  p s e u d o m o r p h s  a f t e r  c a lc i t e  o r  the  su lpha te  m i n e r a l s ,  and  
o c c a s io n a l ly  a s  indiv idual  c r y s t a l s .  The m i n e r a l  i s  d i s s e m in a t e d  in 
s m a l l  a m o u n t s  th roughout  the m a j o r i t y  of s a m p le s ,  wi th  the l a r g e s t  
c o n c e n t r a t i o n s  o c c u r r in g  in s a m p le s  conta in ing a l a r g e  am o u n t  of clay 
m i n e r a l s .  Ind iv idua l  o r th o rh o m b ic  c r y s t a l s  of su lp h u r  v a r y  in s iz e  
f r o m  m i c r o c r y s t a l l i n e  to a s  l a r g e  a s  1. 3 m m .  Sulphur  r e p l a c e s  
b a r i t e ,  a n h y d r i t e ,  gypsum  and ca lc i t e ,  and  i s  r e p l a c e d  by ca lc i t e ,  
p y r i t e  and  gyp su m .
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Hal i te  (N.i.r.1): The ac tua l  abundance  of th is  m i n e r a l  in fa l se  
c a p ro c k  w as  r..ot d e te i  m in e d  b e c a u s e  of the  m i n e r a l ' s  so lub i l i ty .
H ow ever ,  it is  b e l iev e d  that  h a l i t e  should  be f a i r l y  abundant  in the  
rocks  su r ro u n d in g  the dom e,  b e c a u s e  the  c i r c u la t in g  f lu ids  conta in  
l a r g e  a m o u n ts  of d i s so lv e d  NaCl. Hal i te  w a s  p r e s e r v e d  in one th in-  
s ec t io n  of a sa m p le  taken  I n  m  the B lack  Bayou Dome, L o u is ia n a  
(plate 23, fig. b). in th is  th in - s e c t io n ,  h a l i t e  had  c r y s t a l l i z e d  in a 
void sp a ce  in the  ca lc i t e  cem en t .  The m i n e r a l  i s  p ro b a b ly  r e s t r i c t e d ,  
in a l l  c a s e s ,  to  void fi ll ing s ince  it i s  thought that  h a l i t e  does  not 
r e p l a c e  any  of the  o th e r  m i n e r a l s .
Q u a r t z  (SiO ): T h is  m i n e r a l  m a y  o r  m ay  not be au th ig en ic  to 
the f a l s e  c ap ro ck .  R a re ly ,  both e u h e d r a l  c r y s t a l s  (plate  23, fig, 4) 
and r o s e t t e s  w e r e  found, and th e se  w e r e  a s s o c i a t e d  with the  cem en t in g  
c a lc i te .  They w e r e  of the s a m e  s iz e  a s  those  c r y s t a l s  and r o s e t t e s  
of the  t r u e  c a p ro c k .
An a m o r p h o u s  c r u s t  of s i l i c a ,  at  o r  n e a r  the  s u r f a c e ,  w a s  
no ted  above a L ou is ia n a  sa l t  dom e  (o ra l  com m u n ica t ion ,  Clay 
D urham ,  1970). This  s i l ic a  m a y  o r ig in a te  f r o m  the m a t e r i a l  r e m o v e d  
f r o m  the c l a s t i c  g r a i n s  while  they w e r e  being r e p l a c e d  by the au th igen ic  
c e m e n t  in the  f a l s e  cap ro ck .
F o r m  and Size  of F a l s e  C ap rock
The p h y s i c a l  f o r m  of f a l s e  c a p ro c k  bod ies  i s  dependent  on the 
ex ten t  of the  e n v i r o n m e n t  which w a s  f a v o ra b le  fo r  i t s  fo rm a t io n .  It
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is  b e k e v e d  th»'. t h e se  e n v i r o n m e n t s  a r e  continua l ly  changing posi t ion ,  
so it is  e x p e c te d  that  the in d u ra te d  bodies  a r e  l ik e w ise  continua l ly  
changing th e i r  pos i t ion  a s  w e l l  a s  t h e i r  fo r m .  In g e n e r a l ,  f a v o ra b le  
e n v i r o n m e n t s  would p ro b a b ly  have  t h e i r  g r e a t e s t  ex ten t  p a r a l l e l  to 
the bedding  of the s e d im e n ts  which  would r e s u l t  in a t a b u l a r  - shaped  
body. If the ro ck  fo r m a t io n  w a s  in f luenced  by s u p e r i m p o s e d  p h y s ic a l  
f e a t u r e s ,  such  a s  a  faul t ,  it m a y  take the f o r m  of ve ins  o r  p ipes .  At 
any  one p a r t i c u l a r  t im e ,  the  f o r m  of the f a l s e  c a p r o c k  is  the f o r m  of 
the  e n v i ro n m e n t  which p e r m i t t e d  i ts  c o n s t ru c t io n ,  and  th is  e n v i r o n ­
m en t  i s  thought to be qui te  r e s t r i c t e d .
The r e l i c t  shape  and s iz e  of a p r e - e x i s t i n g  f a l s e  c ap ro c k  
body m a y  be p r e s e r v e d  in the f o r m  of a so lu t ion  cav i ty  h a v in g  a 
d im e n s io n  of a few in ches  to g r e a t e r  than a few fee t .  While the 
s e d im e n t s  a r e  undergo ing  in d u ra t io n ,  the  c l a s t i c  g r a i n s  a r e  d i sp la c e d  
f a r t h e r  a p a r t  by the f o r c e  of c ry s t a l l i z a t i o n  and r e s u l t  in the  g r a in s  
be ing t igh t ly  sq u e e z e d  t o g e th e r  n e a r  the b ou n da ry  b e tw ee n  the 
i n d u r a te d  and  n o n in du ra ted  zon es .  The c e m e n te d  g r a in s  a r e  uns tab le  
in th is  e n v i ro n m e n t  and a r e  r e a d i ly  r e p l a c e d  by the c em en t in g  m a t e r i a l .  
When condit ions  b e c o m e  un favorab le  to the c em en t in g  m a t e r i a l ' s  
s t a b i l i ty ,  the  m a t e r i a l  w i l l  be r e m o v e d  in so lu t ion  and the s e d im e n t s  
w il l  ag a in  be unconso l ida ted ,  but  t h e i r  o r ig in a l  vo lum e  would be 
h igh ly  d e c r e a s e d .  The r e s u l t  of the  g r a in  vo lum e d e c r e a s e  and 
c e m e n t  d i s so lu t io n  would be a so lu t ion  cav i ty  with i t s  s i z e  and  f o r m
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dependen t  upon the extent  oi the p r e c e d in g  f a c t o r s .  T h e s e  so lu t ion  
c a v i t i e s  a i e  e n c o u n te re d  f r eq u e n t ly  while  d r i l l in g  in the  v ic in i ty  
of a sa l t  dom e.
L e s s  d i r e c t  in d ica t io n s  of the  p r o c e s s e s  which  c r e a t e  so lu t ion  
c a v i t i e s  in the fa l se  c a p ro c k  a r e  the c e m e n te d  c l a s t i c  f r a g m e n t s  which 
w e r e  o c c a s io n a l ly  found ir.. the s a m p le s ,  These f r a g m e n t s  ra n g e  in 
s iz e  f r o m  about  0 5 rr.m. to a s  l a r g e  a s  10 cm, , and c o n s i s t  of 
c l a s t i c  g r a i n s  c e m e n te d  by som e au th ig en ic  m i n e r a l .  They a r e  only 
r e c o g n iz e d  when th e r e  is  a d i s t in c t  g r a i n  s ize  d i f f e r e n c e  be tween  
the f r a g m e n t s  o r  a d i f f e ren c e  in the  ty pes  of c e m e n t .  R ecem enta t io r .  
of the f r a g m e n t s  m a s k s  th e i r  o r ig in a l  b o u n d a r ie s  and  f u r t h e r  h in d e r s  
the i r  id en t i f ic a t io n  In te rm ix ing  of f a l s e  c a p ro c k  f r a g m e n t s  could 
o c c u r  vithin the  m any  solut ion c a v i t i e s  p r e s e n t .  It i s  now b e l ieved  
that  t h e s e  f r a g m e n t s  would then  s im p ly  be the r e s u l t  of cons tan t  
e n v i r o n m e n ta l  changes .  As th ese  p r o c e s s e s  tak e  p l a c e ,  p o r t io n s  
of r o c k  could p o s s ib ly  be d i s lo c a te d  f r o m  th e i r  o r ig in a l  p o s i t io n  and 
c o l lec t  in the  c a v i t i e s .  The f r a g m e n t s  m a y  then be r e c e m e n t e d  
t o g e th e r  du r ing  a l a t e r  cem en t ing  g e n e ra t io n .  The b o u n d a ry  be tw een  
two of th e se  f r a g m e n t s  is i l l u s t r a t e d  in P l a t e  24. F i g u r e  3.
S u m m e r  y
F a l s e  c a p ro c k  i s  v e ry  s i m i l a r  in n a tu r e  to  the  t r u e  c ap ro ck .  
The cem en t in g  m i n e r a l s  a r e  the  s a m e  a s  the m a j o r  m i n e r a l s  of 
c a p ro c k ,  and thus  m u s t  o r ig in a te  f r o m  the s a m e  s o u r c e  s ince  f a l s e
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c a p r o c k  is  only a s s o c i a t e d  with sa l t  d o m es .  No r e s i d u a l  co m p o nen ts  
f r o m  the  sa l t  a r e  p r e s e n t  m  the f a l s e  c ap ro c k .  The p r o c e s s e s  of i ts  
fo r m a t io n  a r e  s i m i l e t  to som e  of the  p r o c e s s e s  involved  in t r u e  
c a p ro c k  g e n e s i s  excep t  the  d i s t a n c e  to the  s o u r c e  of the  m i n e r a l s  is  
g r e a t e r .  The f o r m  and s ize  of f a l se  c a p ro c k  is  dependent  on the extent  
of the  e n v i ro n m e n t  which  was fav o ra b le  fo r  i t s  f o r m a t io n ,  a s  w e l l  as  
the d i s t a n c e  to the so u rc e  m i n e r a l s  and the g round  w a t e r  condit ions  
which t r a n s p o r t e d  th e s e  m i n e r a l s  m  solution.
ORIGIN O F CAPROCK
G e n e r a l  S ta te m en t
T he  p r e v io u s  d i s c u s s i o n s  w e r e  p r i m a r i l y  c o n c e rn e d  with  the 
f e a t u r e s  of c a p ro c k  and  i ts  s u r ro u n d in g  e n v i ro n m en t .  Table  17 
s u m m a r i z e s  th e se  im p o r ta n t  c a p r o c k  and  a s s o c i a t e d  f e a t u r e s .  The 
f e a t u r e s  l i s t e d  in th is  tab le  w i l l  now be e x a m in e d  to a s c e r t a i n  if  any 
of the  t h e o r i e s  of c a p ro c k  o r ig in  can  s a t i s f a c to r i l y  accoun t  fo r  the 
c h a r a c t e r  of c a p ro c k  and i ts  r e l a t i o n s h ip  to the  c i r c u m j a c e n t  
e n v i ro n m e n t .  Only two p r e v io u s  t h e o r i e s  wil l  be c o n s id e re d ;  (1) 
p r e c ip i t a t i o n  in p la c e  and  (2) r e s i d u a l  a c c u m u la t io n  and  s e c o n d a ry  
a l t e r a t i o n .  O the r  t h e o r i e s ,  such  a s  a  b lock  of s e d i m e n t a r y  m a t e r i a l  
u p th r u s t  by the  sa l t ,  o r  the a l t e r a t i o n  of l im e s to n e  to f o r m  c ap ro ck ,  
w i l l  not be  d i s c u s s e d  b e c a u s e  th e s e  t h e o r i e s  have  a l r e a d y  b een  
d i s p o s e d  of and  a r e  s e ld o m  s e r i o u s l y  c o n s id e r e d  in the  p r e s e n t  
l i t e r a t u r e  (T ay lo r ,  1938; M u r r a y ,  1966; et  a l . ).
P r e c i p i t a t i o n  In P l a c e  T heo ry
S tu a r t  (1931) p r o p o s e d  that  p r e c ip i t a t i o n  of a n h y d r i t e  o r  
g y p su m  would r e s u l t  when m e t e o r i c  w a t e r s  conta in ing  d i s so lv e d  
c a l c iu m  c a rb o n a te  m ix e d  with sa l t  dom e  w a t e r s  con ta in ing  so luble  
su lp h a te s .  P a u l  W ea v e r  in a  w r i t t e n  c o m m u n ica t io n  with Ralph 
T a y lo r  d u r in g  1937 (in T a y lo r ,  1938) s t a te s :  " T h e r e  is a l s o  the  
p o ss ib i l icy  that  the  CaSO^ m a y  be p r e c i p i t a t e d  f r o m  c i r c u la t in g  
w a t e r s  o r ig in a l ly  connate  in offs ide  s e d im e n ts ;  a s  t h e s e  w a t e r s .
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TA B L E  17
S u m m a r y  of Im p or tan t  C ap ro ck  and  A s s o c ia te d  F e a t u r e s
I. P h y s i c a l  F e a t u r e s :
1. C a p ro ck  shape  is h ighly  v a r i a b le .
2. C a p ro ck  m ay  r e s t  d i r e c t l y  on the  sa l t  with no in te rven ing  
a n h y d r i te  sand.
3. The u p p e r  s u r f a c e  of the  sa l t  can be v e r y  v a r i a b le .
4. The up p e r  p o r t io n s  of c a p ro c k  a r e  m o r e  h igh ly  d e fo rm e d  
than  p o r t io n s  n e a r  the sa l t .
5. S e d im e n t s  ad jacen t  to  sa t  d o m e s  a r e  g e n e r a l ly  b r e c c i a t e d .
6. The sha le  shea th  a ro u n d  the sa l t  could behave  a s  a 
s e m ip e r m e a b l e  m e m b r a n e  and p e r m i t  s e l e c t iv e  m o v em en t  
of w a t e r  to w a rd  the sa l t  and  the deve lop m en t  of o sm o t ic  
p r e s s u r e s .
7. C a p ro ck  is  p r e s e n t  on the S igsbee  Knol ls  in the  Gulf of 
Mexico.
II. L i th o lo g ic a l  F e a t u r e s :
1. The l i th o lo g ica l  seq u en ce  in c ap ro c k  is  v a r i a b le .
2. C a p ro ck  l i thology is v a r i a b le  f r o m  d o m e  to dom e.
3. C a p ro ck  l i thology on a s ingle  dom e can  be v e r y  v a r ia b le .
4. The in te r f a c e  be tw een  c e l e s t i t e  and  a n h y d r i t e  i s  g rad a t io n a l .
5. The in t e r f a c e  be tween  ca lc i t e  and a n h y d r i t e  c a p ro c k  is  
so m ew ha t  sh a rp .
6. A nhydr i te  can be found a n y w h ere  in the  c a p ro c k  and m ay  
a l t e r n a t e  with  o th e r  l i th o lo g ie s .
7. The vo lum e of anh y d r i te  c ap ro c k  can be m o r e  e a s i l y  
e x p la ined  in t e r m s  of d i s so lu t io n  and l a t e r  r e p r e c i p i t a t i o n  
of the  m i n e r a l  than  by a c c u m u la t io n  a lone .
8. S e d im e n ts  a r e  com m on  in the cap rock ;  a s  d i s p e r s e d  
in c lu s io n s  o r  in beds  s e p a r a t in g  any l i tho logy  typ es .
III. M in e r a lo g ic a l  F e a t u r e s :
1. The top of the  sa l t  is c om m only  unde rg o ing  d i s so lu t io n  and 
the l e s s  so luble  m i n e r a l s  a c c u m u la te  in th i s  in te r f a c e .
2. At l e a s t  30 d i f fe ren t  m i n e r a l s  have been  iden t i f ied  in 
c ap ro ck .
3. Only a p p ro x im a te ly  20 d i f fe ren t  m i n e r a l s  have  been  
iden t i f ied  in the sa l t .
4. D o lom ite  o r  c e l e s t i t e  m a y  be a m a j o r  m i n e r a l  in  the
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c a p ro c k  o v e r  a few d o m es .
5. A nhydr i te  is  the m o s t  abundant  c a p ro c k  m i n e r a l ,  but not 
e v e r y  c ap ro c k  conta ins  the m in e r a l .
6. C r y s t a l s  in the m a s s i v e  a n h y d r i t e  c a p ro c k  f o r m  an  
in te r lo c k in g  m o sa ic .
7. C r y s t a l s  of the m a s s i v e  a n h y d r i t e  c ap ro c k  d i f fe r  f r o m  
th o se  in the sa l t  in m orpho logy .
8. Dolom ite  and q u a r t z  c r y s t a l s ,  c h a r a c t e r i s t i c  of the  sa l t  
r e s id u e ,  a r e  found in the cap ro ck .
9. F a l s e  c ap ro ck  con ta ins  the s a m e  au th igen ic  m i n e r a l s  a s  
the  t r u e  caprock .  and f a l s e  c ap ro c k  g r a d e s  into t r u e  
c ap ro ck .
IV. G e o c h e m ic a l  F e a tu r e s :
1. T r a c e  e le m e n t  content of r e s i d u e  a n h y d r i t e  v a r i e s  but 
s l igh t ly  f r o m  dom e to dome.
2. H a l i te  so lub i l i ty  is  m a r k e d ly  in f luenced  by o th e r  
e l e c t r o l y t e s  in solution.
3. A nhydr i te  so lub i l i ty  is a funct ion  of ionic  s t r e n g th ,  
t e m p e r a t u r e  and the am o u n t  and  type of c o m p lex e s  in 
solution.
4. T r a c e  e le m e n t  c o n c e n t ra t io n s  in the  m a s s i v e  a n h y d r i t e  
c a p r o c k  r a n g e  con s id e ra b ly ,  but do show i n t e r r e l a t i o n s h i p s  
with  e ac h  o ther .
5. C a p ro ck  banding is  l a r g e ly  due to d if fus ion  o r  an  e p iso d ic  
inf lux of m in o r  e l e m e n t s ,  o r  both.
6. T r a c e  e le m e n t  c o n c e n t ra t io n s  d i f fe r  s ign i f ican t ly  be tw een  
c a p r o c k  a n h y d r i te  and  the sa l t  r e s id u e  a n h y d r i t e .
7. W a t e r s  m ove  up w ard  along the  f lanks  of the  d o m e s  and  only 
lo ca l ly  a ffec t  the qua li ty  of the g ro u n d w a te r .
8. The c a p ro c k  g e o c h e m ic a l  e n v i ro n m en t  m a y  c o n s i s t  of 
b a s i c  a n d / o r  reduc ing  condit ions .
9. M ost  b r i n e s  a r e  u n d e r s a t u r a t e d  with r e s p e c t  to a n h y d r i t e  
-in the su r ro u n d in g  s e d im e n ts  but a r e  a t  n e a r  e q u i l i b r iu m  
o r  s u p e r s a t u r a t e d  in the c ap ro c k  e n v i ro n m en t .
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a l r e a d y  conta in ing  so m e  CaSO^ l ie  a long the  edge cf the  sa l t  dom e,  
they  d i s s o lv e  sa l t  and a n h y d r i t e  f r o m  the sa l t  dom e unti l  s a t u r a t e d  
by the l a t t e r ,  and then  a s  up w ard  c i r c u la t io n  b r in g s  t h e m  to the  top 
of the  sa l t  dom e,  they  p r e c i p i t a t e  the CaSO^. "
R e s id u a l  A ccu m u la t ion  and S e c o n dary  A l te ra t io n  T h eo ry
The r e s i d u a l  a cc u m u la t io n  th e o ry  of c a p ro c k  g e n e s i s  h a s  
ga ined  in f a v o r  s ince  the e a r l y  1930 's ,  and m o s t  s tuden ts  of c a p ro c k  
a t  the  p r e s e n t  t im e  a g r e e  with th is  theo ry .  The seq u en c e  of even ts  
which  T a y lo r  (1938) th e o r i z e d  to take p la c e  du r ing  the f o r m a t io n  of 
c a p r o c k  is  p r e s e n t e d  v e r b a t im  below:
1. In t ru s io n  of the  sa l t  plug into a  zone of a c t iv e  
w a t e r  c i r c u la t io n ,  p ro b a b ly  up to within  a few h u n d red  
fee t  of, but not to, the s u r f a c e ,  or  if to the su r f a c e ,  in 
an  e n v i ro n m e n t  in which the s u r f a c e  of th e  sa l t  would 
soon be c o v e r e d  by s e d im e n ts .  W here  i n t r u s io n  did not 
b r in g  the  sa l t  into the zone of a c t ive  w a te r  c i r c u la t io n ,  
c a p ro c k  would be th in  o r  wanting,  a s  a t  H e n d e rso n ,
Convent,  o r  T im b a l i e r  Bay. W here  in t r u s io n  h a s  been  
r e c e n t ,  c a p ro c k  would a l s o  be th in  or  want ing ,  a s  at 
A v e ry  Is land,  Cote Blanche,  and  the  sp ines  a t  New 
Ib e r i a  and  J e f f e r s o n  Island.
2. Rapid  solut ion of the  sa l t ,  taking p la c e  with the 
g r e a t e s t  r a p id i ty  at  the apex  of the  c o n e - s h a p e d  sa l t  plug.  
C e m e n ta t io n  of the  su r ro u n d in g  s e d im e n ts  would begin  at 
th i s  s tage .  A nhydr i te  sand  would begin  to a c c u m u la t e  in 
i r r e g u l a r  p o c k e t s  and so lu t ion  cav i t i e s  in the  sa l t  su r f a c e .  
W a te r s  moving up the  s id e s  of the sa l t  plug would effect  
s e m e  so lu t ion  and r e s i d u e  would a l s o  a c c u m u la te  on the 
f lanks ;  f a l s e  c a p ro c k  would a l s o  begin to f o r m  at  th is  
t im e .  Anse  La Butte i s  p ro b ab ly  an  e x am p le  of th is  s tag e .
3. G ra d u a l  t ru n c a t io n  of the top of the sa l t  plug, 
d e ca p i ta t in g  the  folds in the sa l t  and f o rm in g  a so lu t ion  
tab le ,  wi th  the  a n h y d r i t e  sand  d e r iv e d  f r o m  the sa l t
a c c u m u la t in g  upon it,  r e l a t i v e ly  u n c o n ta m in a te d  by 
s u r ro u n d in g  s e d im e n t s  due to the co v er in g  of f a l s e  
c ap ro c k .  Bay M a rc h a n d  sa l t  dom e m a y  be at  about  th is  
s ta g e  of deve lopm en t .
4. Beginning of the c o m pac t io n  of the  c a p ro c k  a s  a 
r e s u l t  of o c c a s io n a l  c o l lap se  of the f a l s e  c a p r o c k  and  u p ­
t h r u s t  of the sa l t ,  a c c o m p a n ie d  by so m e  p r e c i p i t a t i o n  of 
a n h y d r i t e  f r o m  so lu t ion  and in te rg ro w th  of a n h y d r i t e  
g r a i n s .  F r o m  what  is  known of V e rm i l io n  Bay sa l t  
d om e,  it  i s  an  e x am p le  of th is  s tage .
5. Continued so lu t ion  of the  sa l t ,  with  the u p th ru s t  
of the  sal t  plug c o m p en sa t in g  fo r  the  sa l t  r e m o v a l ,  with 
m o r e  r a p id  u p th iu s t  than  r e m o v a l ,  o r  with u p th ru s t  
lagging  behind  so lut ion.  The tendency  to w a rd  d e e p e r  
b u r i a l  of the  top of the  sa l t  p lug, due to continued 
s e d im e n ta t io n ,  a l s o  would have  to be o v e rc o m e  by 
u p th r u s t  of the sa l t .  She a r in g  of the  a n h y d r i t e  a s  it 
b e c a m e  conso l ida ted  would r e s u l t  f r o m  s t r e s s e s  se t  up 
by  u p th ru s t  and co l lap se .  The u p p e r  p a r t  of the  c a p ro c k  
and  that  a long the f lanks  would be r e p e a t e d ly  b r o k e n  and 
r e c e m e n te d .  S o r re n to ,  Gueydan, and E a s t  H a c k b e r r y  sa l t  
d o m e s  a p p a r e n t ly  a r e  n e a r  th is  s tage .
6. E n t r a n c e  of a l t e r i n g  so lu t ions  and  in au g u ra t io n
of the t r a n s i t i o n  zone in which a n h y d r i t e  a l t e r s  to g yp su m  
and  both  in tu r n  a l t e r  to c a lc i t e  and su lp hu r ,  wi th  the 
r e l i c t  a n h y d r i t e  s t r u c t u r e  r e t a in e d .  In s o m e  c a s e s  
h y d ra t io n  m igh t  be the  only a l t e r a t i o n  o c c u r r i n g ,  with 
only g y p su m  being  f o r m e d .  The t r a n s i t i o n  zone might  
a p p e a r  e a r ly ,  a f t e r  the  fo r m a t io n  of a  r e l a t i v e l y  th in  
a n h y d r i t e  c ap ro ck ,  or  might  be de layed  un t i l  a  f a i r l y  
th ic k  c a p ro c k  had  been  fo r m e d .  The c a p r o c k  a t  G a rd en  
I s la n d  Bay is  a t  about th is  l a t t e r  s tage  of dev e lo pm en t .
7. T r a n s g r e s s i o n  of the  t r a n s i t i o n  zone downward ,  
e s c a p e  of hy d ro g en  su lph ide  o r  i t s  oxidat ion to su lp h u r  
in p lac e  o r  with in  the ove r ly ing  cap ro ck ,  and  d e p os i t io n  
of c a lc i te .  Seco nd ary  ve ins  of c a lc i t e  and  su lp h u r ,  and  
of p y r i t e ,  o th e r  su lph ides ,  b a r i t e ,  and  c e l e s t i t e ,  develop  
in the  u p p e r  p a r t  of the c a lc i t e  zone,  o r  r e p l a c e  su lp h u r  
in  the  t r a n s i t i o n  zone. Continued influx of h y d r o c a r b o n s  
r e s u l t s  in the reduc t ion  of su lp h u r  and i t s  r e d e p o s i t io n
in a n o th e r  p a r t  of the  c a p ro c k ,  o r  i t s  e s c a p e .  C a v e rn s  
deve lop  in the uppe r  c a lc i t e  zone,  owing to ac t ive
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c i r c u la t io n  of g round  w a t e r ,  and  p o s s ib ly  a s  a r e s u l t  of 
r e m o v a l  of su lphur ,  and  c o l la p s e  of the lo w er  p a r t  
b e c a u s e  of so lu t ion  of sa l t .  S e v e ra l  of the  sa l t  d o m es  
th a t  have  c o m m e r c i a l  s u lp h u r  d e p o s i t s ,  and o t h e r s  that  
have  c o n s id e ra b le  t h i c k n e s s e s  of ca lc i te  c a p r o c k  v i r tu a l ly  
b a r r e n  of su lp hu r ,  a r e  e x a m p le s  of th is  s tage .
L ake  W ashington is  in c luded  in the  f o r m e r  g roup  
an d  H ockley  in the l a t t e r .
8. C e s sa t io n  of c a p r o c k  g rowth ,  due to q u i e s c e n c e  
of the sa l t  plug and the  de v e lo p m e n t  of a s e a l  that  
r e t a r d s  c i r c u la t io n  of w a te r .  Su lphur  sa l t  dom e  
a p p e a r s  to be an ex am p le  of th is  s tage .
9. F in a l  s t a g e s  m igh t  be the r e m o v a l  of c a p ro c k  
by uplif t  and subsequen t  e r o s io n ,  s t r a n d in g  of r e l a t i v e ly  
th ic k  c a p ro c k  a t  a lo w e r  l ev e l  by a sudden u p th r u s t  of 
the  sa l t  plug, o r  s h a t t e r in g  of r e l a t i v e ly  thin  c a p ro c k  
owing to a  c o n s id e ra b le  u p th r u s t  of the sa l t  plug.
C a p ro ck  is expo sed  to s u r f a c e  e r o s i o n  a t  Winnfield
and  P in e  P r a i r i e ,  it h a s  b een  s t r a n d e d  a t  a  low e r  
l e v e l  a t  J e f f e r s o n  Is land ,  and  a p p a re n t ly  is s h a t t e r e d  by 
upl if t  a t  White Cas t le .
A n a ly s i s  of P r e v i o u s  T h e o r ie s
A c o m p a r i s o n  be tw een  fac t  and  th eo ry  w i l l  now be p r e s e n t e d .
A fac t  w h ich  a g r e e s  fav o ra b ly  with  one t h e o r y  m a y  un favo rab ly  
a g r e e  with the  o th e r  th eo ry .  Tab le  18 l i s t s  a r g u m e n t s  fo r  and  
a g a in s t  the  " P r e c i p i t a t i o n  in P l a c e "  th e o ry .  A r g u m e n t s  f o r  and  
a g a in s t  the  " R e s id u a l  A c cum u la t io n "  t h e o r y  a r e  p r e s e n t e d  in T ab le  19.
T A B L E  18
A r g u m e n t s  F o r  and  A ga ins t  " P r e c i p i t a t i o n  in P l a c e "  T h e o ry
C om pat ib le  F e a t u r e s
1. V a r ia b i l i t y  of c a p ro c k  l i thology in s ing le  d o m e s  and  f r o m  
one d o m e  to  a n o th e r .
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2. M ost  of the c a lc i t e  is  de f in i te ly  p r e c i p i t a t e d  in p lac e .
3. D o lom ite  m a y  be a  m a j o r  c a p r o c k  m in e r a l .
4. L a r g e  v o lu m e s  of c e l e s t i t e  in s o m e  c ap ro ck .
5. T r a c e  e le m e n t  c o n c e n t r a t io n s  in a n h y d r i t e  c a p ro c k  v a ry  
c o n s id e r a b ly .
6. T r a c e  e l e m e n t  c o n c e n t r a t io n s  d i f fe r  s ign i f ican t ly  be tw een  
c a p r o c k  a n h y d r i t e  and  the sal t  r e s i d u e  a n h y d r i t e .
7. The vo lum e  of a n h y d r i t e  c a p ro c k  r e q u i r e s  d i s so lu t io n  of m u ch
l e s s  sa l t  f r o m  the top of the  dom e  than  the " r e s i d u a l  a c c u m u ­
la t io n "  th e o r y .
8. S e d im e n t s  a r e  co m m o n  to c ap ro ck .
9. W a te r s  m o r e  u p w ard  a long  the f lanks  of the d o m e s .
10. M ost  b r i n e s  a r e  u n d e r s a t u r a t e d  with r e s p e c t  to  a n h y d r i t e  in the  
s u r r o u n d in g  s e d im e n t s  but  a r e  a t  e q u i l i b r iu m  o r  s u p e r s a t u r a t e d  
in  the  c a p ro c k .
11. F a l s e  c a p r o c k  con ta ins  au th eg en ic  m i n e r a l s  the  s a m e  a s  the  t r u e  
c a p r o c k ,  and  f a l s e  c a p ro c k  g r a d e s  into t r u e  c ap ro ck .
12. C a p ro c k  is  p r e s e n t  on the S igsbee  Knolls .
Incom pa t ib le  F e a t u r e
D o lo m ite  a n d  q u a r t z  c r y s t a l s ,  c h a r a c t e r i s t i c  of the sa l t  
r e s i d u e ,  a r e  found in the  cap ro ck .
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T A B L E  19
A r g u m e n t s  F o r  and  Agains t  " R e s id u a l  A c c u m u la t io n "  T h eo ry
C om pat ib le  F e a t u r e s
1. The top of the  sa l t  is  co m m o n ly  undergo ing  d i s so lu t io n  and the 
l e s s  so lub le  m i n e r a l s  a c c u m u la t e  in  th is  in t e r f a c e .
2. D o lom ite  and  q u a r tz  c r y s t a l s ,  c h a r a c t e r i s t i c  of the  sa l t  
r e s i d u e ,  a r e  found in the  c ap ro ck .
3. The u p p e r  p o r t io n s  of c a p ro c k  a r e  m o r e  highly  d e fo r m e d  than  
p o r t io n s  n e a r  the  sa l t .
4. A nhydr i te  i s  the  m o s t  abundant  c a p ro c k  m i n e r a l .
Incom pa t ib le  F e a t u r e s
1. Most  of the  ca lc i te  is  d e f in i te ly  p r e c i p i t a t e d  in p lac e .
2. D o lom ite  m a y  be a m a j o r  c a p ro c k  m i n e r a l .
3. L a r g e  v o lu m e s  of c e l e s t i t e  in s o m e  c ap rock .
4. L a r g e  am oun t  of sa l t  d i s so lu t io n  r e q u i r e d  f r o m  top of dom e.
5. V a r ia b i l i t y  of c a p ro c k  l i thology.
6. T r a c e  e le m e n t  d i f f e re n c e  in c a p r o c k  and sa l t  r e s i d u e  an h y d r i te .
7. P r e s e n c e  of f a l s e  c a p r o c k  and i t s  g ra d a t io n a l  b o u n d a ry  with 
t r u e  c ap ro ck .
8. P r e s e n c e  of c a p ro c k  on the S igebee  Knolls .
F e a t u r e s  C om pat ib le  with E i t h e r  T h eo ry
A n u m b e r  of the f e a t u r e s  do not give s t ro n g  p r e f e r e n t i a l  
a r g u m e n t s ,  e i t h e r  fo r  o r  a g a in s t ,  one o r  the  o th e r  c a p ro c k
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t h e o r i e s .  O th e r  l e s s  d i r e c t  f e a t u r e s  m a y  sup p o r t  the  " p r e c ip i t a t i o n  
in p l a c e "  th eo ry ,  but the  f e a t u r e s  a r e  not inco m p a t ib le  with the  
o th e r  th eo ry .  A  d i s c u s s io n  of th e se  f e a t u r e s  is  fo r th co m in g :  Many 
of the  f e a t u r e s  a t t r ib u t e d  to r e c r y s t a l l i z a t i o n  and p r e s s u r e  so lu t ions  
in T ab le  13, page 96 (Goldman, 1952), m a y b e  f e a t u r e s  of p re c ip i t a t io n .  
The " s a c c h a r o i d a l "  s t r u c t u r e  of m a s s i v e  a n h y d r i te  c a p ro c k  which 
w as  thought to have  r e s u l te d  f r o m  com p ac t ion  and  r e c r y s t a l l i z a t i o n  
of r e s id u e  a n h y d r i te  could a l s o  be  due to p r e c ip i t a t i o n  in p lac e  fo rm in g  
the  in te r lo c k in g  m o s a ic .  The d e fo rm a t io n  a t  the  tops  of a n h y d r i te  and 
ca lc i t e  zones  h a s  been  a t t r ib u t e d  to "downbuiiding" with an  i n c r e a s e  
in age  f r o m  the s a l t - a n h y d r i t e  contact  u pw ard ,  but the f e a tu r e  can 
a l s o  be exp la ined  by the  c a p ro c k  fo rm in g  at  depth, with subseq u en t  
m o v e m e n t  u p w a rd  re s u l t in g  in d e fo rm a t io n .  The fac t  tha t  a n h y d r i t e  
is  the  m o s t  abundant  c a p ro c k  m i n e r a l  can su p p o r t  e i t h e r  th e o r y  s ince  
the  u l t im a te  s o u r c e  fo r  the  m i n e r a l  m u s t  be the r e s i d u e  a n h y d r i t e .
The m o rp h o lo g ic a l  d i f f e r e n c e s  be tw een  c a p ro c k  a n h y d r i t e  and  sa l t  
r e s i d u e  an h y d r i t e  would ind ica te  e i t h e r  that  the  c r y s t a l s  w e r e  
r e p r e c i p i t a t e d  f r o m  d i s s o lv e d  r e s id u e  anh y d r i te  o r  tha t  the  c r y s t a l s  
p r e c i p i t a t e d  f r o m  CaSO^ r i c h  so lu t ions  m ig r a t i n g  in  f r o m  e x t e r n a l  
s o u r c e s .  The in t e r f a c e  be tw een  c a lc i t e  and  a n h y d r i te  c a p ro c k  is  
f a i r l y  sh a rp ,  which m a y  r e s u l t  f r o m  an a l t e r a t i o n  " f ro n t"  in which 
a n h y d r i t e  a l t e r s  to ca lc i t e  in  a p r o g r e s s i v e ,  but  v e r t i c a l ly  l im i te d ,  
sp a c e  or  the f e a t u r e  m a y  be a t t r ib u t e d  to changes  in the  g e o c h e m ic a l  
e n v i ro n m e n t  d u r ing  p re c ip i t a t io n .
The fac t  tha t  c a p ro c k  m a y  r e s t  d i r e c t l y  on the s a l t  wi th  no 
in te rv en in g  a n h y d r i t e  sand  in d ic a te s  tha t  d i s so lu t io n  is  not  now 
o c c u r r in g  a t  th is  in te r f a c e .  The b r e c c i a t e d  n a tu r e  of the s e d im e n ts  
a d ja ce n t  to sa l t  d o m e s  would i n c r e a s e  p o r o s i t y  and  p e r m e a b i l i t y  
a l lowing g r e a t e r  f lu id  m o v em en t .  The sha le  sh e a th  a d ja c e n t  to  the  
sa l t  could s e r v e  a s  a  s e m i p e r m e a b l e  m e m b r a n e  and  p e r m i t  s e l e c ­
tive e sc a p e  of w a t e r  to w a rd  the sa l t ,  r e s u l t i n g  in o sm o t ic  p r e s s u r e s  
and a m o r e  o r  l e s s  e n c lo se d  channel  (bounded by the sa l t  on one s ide  
and sha le  on the o ther)  in which  u p w ard  moving w a t e r  could flow.
The fac t  tha t  p a r t i a l l y  d i s so lv e d  a n h y d r i t e  c r y s t a l s  a r e  found in the  
s h a l e - s a l t  i n t e r f a c e .  The in te r f a c e  be tw een  c e l e s t i t e  and  a n h y d r i t e  
i s  g ra d a t io n a l ,  ind ica t ing  that  s t r o n t iu m  w as  i n c o r p o r a t e d  in the 
an h y d r i t e  d u r ing  i t s  fo rm a t io n .  D i r e c t  p r e c ip i t a t i o n  i s  sup p o r te d  
by the  fac t  tha t  a n h y d r i t e  can be found a n y w h ere  in the  c ap ro c k  and 
m a y  a l t e r n a t e  with o th e r  l i tho log ies  o r  even  sed im en ts*
The a r g u m e n t s  p r e s e n t e d  in T ab le s  18 and  19. and  the 
d i s c u s s io n  on the  l e s s  d i r e c t  f e a t u r e s  s e e m  to ind ica te  tha t  the 
c a p ro c k  i s  l a r g e ly  f o r m e d  f r o m  d i r e c t  p re c ip i t a t io n .  The m a in  
f e a t u r e  tha t  the  p r e c ip i t a t i o n  t h e o ry  cannot  accoun t  fo r  is  the  p r e s e n c e  
cf d o lom i te  and  q u a r t z  c r y s t a l s ,  c h a r a c t e r i s t i c  of the  s a l t  r e s i d u e ,  
d i s p e r s e d  th roughout  the c ap rock .  B e ca u se  of th is  fac t ,  i t  i s  
p r o p o s e d  tha t  the  o r ig in  of c ap ro c k  can be s a t i s f a c to r i l y  exp la ined  by 
a "m od if ied  p r e c ip i t a t i o n  in p la c e "  th eo ry .
Modified  P r e c i p i t a t i o n  in P l a c e  T h eo ry
The pa . a g e n e s i s  of the  c a p ro c k  m i n e r a l s  is  p o s tu la t e d  a s  
fo l lows:  Anhydr i te  and sal t  would be d i s so lv e d  f r o m  the f lanks  of the 
d om e  by upw ard  moving w a t e r s ,  and a n h y d r i t e  would l a t e r  be r e ­
p r e c i p i t a t e d ,  a3 the c ap ro c k ,  f r o m  th e s e  so lu t ions  when the g e o ­
c h e m ic a l  condit ions  w e r e  f a v o ra b le  to th is  p r o c e s s .  A s m a l l e r  
a m o u n t  of a n h y d r i t e  coula  be i n c o r p o r a te d  in the c a p ro c k  by d i s ­
so lu t ion  of the  u p p e r  sa l t  s u r f a c e  r e l e a s i n g  the l e s s  so lub le  r e s id u e .  
The d e g r e e  of d i s so lu t io n  a t  th is  su r f a c e ,  a s  w e l l  a s  the am ount  of 
inc luded  i m p u r i t i e s  in the  sa l t ,  would  d e t e r m i n e  what  p e rc e n t a g e  the 
r e s i d u e  an h y d r i t e  c o n t r ib u te s  to the to ta l  bulk. The c h a r a c t e r i s t i c  
do lom i te  and q u a r t z  s a l t - r e s i d u e  m i n e r a l s  would be inc luded  in the 
c a p r o c k  in a n  am oun t  dependent  upon the above p r o c e s s .  P e t r o g r a p h i c  
r e c o g n i t io n  of the r e s i d u e  an h y d r i t e  in c a p ro c k  would be m o s t  d i f ­
f icu l t ,  i f  not im p o s s ib le ,  b e c a u s e  of such  p r o c e s s e s  a s  r e c r y s t a l ­
l i z a t io n  and ove rg ro w th .  G ypsum  can  f o r m  by e i t h e r  the h y d ra t io n  and 
a l t e r a t i o n  of a n h y d r i t e  o r  by d i r e c t  p r e c ip i t a t io n .  Su lphur  i s  an  
a l t e r a t i o n  p ro d u c t  f r o m  the r ed u c t io n  of an h y d r i t e .  C a lc i te  i s  p r e ­
c ip i t a t e d  f r o m  so lu t ions  conta ining C a ++ f r o m  the u p w ard  moving 
w a t e r s  and  HCO^ f r o m  the a n h y d r i te  red u c t io n  p r o c e s s .  C e le s t i t e  
i s  p r e c i p i t a t e d  v/hen se d im e n t  i n t e r s t i t i a l  w a t e r s  conta ining f a i r ly  
l a r g e  a m o u n ts  of s t r o n t iu m  come in con tac t  w i th  the c a p ro c k  a s s o c i a t e d  
w a t e r s .  Much cf the  do lom ite  could be f o r m e d  by a  s i m i l a r  p r o c e s s
a s  the  c e le s t i t e  but the s e d im e n ts  w a t e r s  would con ta in  M g++. The l e s s  
co m m o n  c a p ro c k  m i n e r a l s  would l a r g e ly  be f o r m e d  by the i n te r a c t io n  
of s e d im e n t  i n t e r s t i t i a l  w a t e r s  with those  w a t e r s  in the  c a p ro c k .  The 
r e m a in in g  l e s s  com m on  m i n e r a l s  have  come f r o m  the l e s s - s o l u b l e  
f r a c t io n  in  the  sa l t  and by a l t e r a t i o n  f r o m  o th e r  m i n e r a l s .
The  p ro b a b le  deve lopm en t  sequ en ce  of c ap ro c k ,  b a s e d  on th is  
m od if ied  p r e c ip i t a t i o n  th eo ry ,  is  p r e s e n t e d  in the fol lowing s u m m a r y .
D E V E LO PM EN TA L  SEQ U EN CE O F CAPROCK
The following is  the sequ en ce  of ev en ts  which  m a y  h av e  taken  
p la c e  du r ing  the  d e v e lop m en t  of c ap ro ck .
1. The sa l t  dom e is  in t ru d e d  into the ove r ly in g  s e d im e n t s ,  i t s  
m o v e m e n t  up w ard  is  ep isod ic .
2. D is s o lu t io n  of the sa l t  a long the  f lanks and  the top of the  dom e  
w i l l  o c c u r  when the dom e  e n c o u n te r s  w a t e r s  which  a r e  u n d e r s a t u r a t e d  
w ith  r e s p e c t  to h a l i t e .  Since sa l in i ty  can g r e a t l y  d e c r e a s e  with depth  
b e low  8 ,0 0 0  to 12 ,000  fee t  in g e o p r e s s u r e d  a r e a s ,  the  dep th s  a t  which  
d i s so lu t io n  f i r s t  t a k e s  p l a c e  can be v e r y  g r e a t .
3. S u b s tan t ia l  m o v e m e n t  of w a t e r  p ro b a b ly  o c c u r s  a t  dep th s  a s  
d eep  a s  15 ,000  fee t ,  moving  in r e s p o n s e  to p o te n t i a l  f i e ld s  r e s u l t i n g  
f r o m  p h y s i c a l  o r  c h e m ic a l  d i f f e r e n t i a l s .  The  b r i n e s  m ig r a t i n g  to w a rd  
the  dom e  would be u n d e r s a t u r a t e d  with  r e s p e c t  to  both h a l i t e  and  
a n h y d r i t e .  The w a t e r s  m ove  upw ard  a long the  f l an k s  d i s so lv in g  h a l i t e  
and  a n h y d r i t e .  Some of the  o v e rh a n g s  of sa l t  hav e  been  a t t r i b u t e d  to 
t h e s e  c i r c u la t in g  w a t e r s ,  such  a s  a t  B e l le  I s le  and  A nse  la  Butte 
Dom e,  L o u is ia n a  (Judson  and  S tam ey ,  1933).
4. At dep ths  of 4, 000 to 10, 000 fee t ,  the  flow r a t e  of the  h y d ro lo g ic  
s y s t e m  would  be su ff ic ien t  enough, a s  shown by the  p r e s e n c e  of cap> 
r o c k  a t  th i s  depth, to t r a n s p o r t  the  d i s s o lv e d  so l id s  to w a rd  the a p ex
of the  d om e.  Dur ing  p e r i o d s  of q u ie s c e n c e  of the  e p i s o d ic  g row th ,  
the  C a + r  and i n c o r p o r a te d  in the  w a t e r s  would b e c o m e
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s u p e r s a t u r a t e d  n e a r  the u p p e r  s u r f a c e  of the sa l t .  Since the  w a t e r s  
would only be  s u p e r s a t u r a t e d  with r e s p e c t  to a n h y d r i t e  and  not to  
h a l i t e ,  a n h y d r i t e  would be p r e c i p i t a t e d  and  the  sa l t  would continue  to 
d i s s o lv e .  B e c a u se  of the  two s im u l t a n e o u s  p r o c e s s e s ,  the  newly 
f o r m e d  a n h y d r i t e  would conta in  the  l e s s  soLuble r e s i d u e  m i n e r a l s  such  
a s  q u a r t z  and  do lom ite .
5. The  v a r i a t i o n s  in the  t r a c e  e l e m e n t  c o n c e n t r a t io n s  would then 
r e f l e c t  the  c o n c e n t r a t io n s  of th e s e  e l e m e n t s  in the  b r i n e s  f r o m  which 
a n h y d r i t e  is  p r e c ip i t a t in g .  As the  dom e  m o v e s  up e p iso d ic a l ly ,  it 
e n c o u n t e r s  d i f f e re n t  qua l i ty  b r i n e s  a nd  t h e r e f o r e  the  a n h y d r i t e  changes  
in com po s i t io n .
6. The a n h y d r i t e  g row s  both u p w ard  and  dow nw ard  in d i r e c t io n ,  
with  the  a m o u n t  of g row th  depending  on the r a t e  of a n h y d r i t e  p r e ­
c ip i ta t ion  and  the  r a t e  of h a l i t e  d i s so lu t io n  off the  a p ex  of the  dom e.
7. A n hy d r i te  con t inues  to p r e c i p i t a t e  un t i l  the  e n v i ro n m en t  changes
f r o m  a c id  re d u c in g  to b a s i c  redu c ing .  T h is  change o c c u r s  a t  a  depth  
w h e r e  o r g a n i c  m a t e r i a l  (h y d ro c a rb o n s ) ,  a long  with  o th e r  f a v o ra b le  
cond i t ions ,  e x i s t  f o r  the grow th  of the  su lp h a te  r ed u c in g  b a c t e r i a .  In 
th i s  e n v i ro n m e n t  the pH would i n c r e a s e  b e c a u s e  of the  su lpha te  r e ­
d uc t ion  p r o c e s s .  The b i c a rb o n a te  ion i s  a  r e d u c t io n  p ro d u c t ,  t h e r e f o r e  
due to  d i f f e r e n c e s  of so lub i l i ty  be tw een  c a lc i t e  and  a n h y d r i t e ,  the  
c a lc i t e  would p r e c i p i t a t e ,  a l s o  i n c r e a s in g  the  pH o r  a t  l e a s t  bu ffe r ing  
above  pH7.
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8. If the  supply- of o rg a n ic  m a t t e r  w as  t e m p o r a r i l y  d im in i sh e d ,  
b a c t e r i a l  g row th  would c e a s e ,  pH would p ro b a b ly  lo w e r  due to the 
ion iza t ion  of H S, and  a n h y d r i t e  (or  gypsum) would ag a in  p r e c i p i t a t e .
w
T his  could  p o s s ib l y  r e s u l t  in the  a l t e r n a t io n  of a n h y d r i t e  and  c a lc i t e .
9. If the  supply  of o rg a n ic  m a t t e r  was  de f ic ien t  in  only p a r t s  of
the  c a p ro c k ,  d i f f e ren t  m i n e r a l s  would be p r e c i p i t a t e d  in d i f fe ren t  a r e a s .
10. If o th e r  e l e m e n t s  w e r e  p r e s e n t  in f a i r l y  l a r g e  q u a n t i t ie s  in the 
a s s o c i a t e d  b r i n e s ,  they  could b e c o m e  i n c o r p o r a t e d  in the c a p ro c k .
T h is  i s  the  c a s e  in s o m e  of M i s s i s s i p p i  c a p ro c k  w h e r e  l a r g e  a m o u n ts  
of s t r o n t i u m  w e r e  in c o r p o r a te d .
11. The u pp e r  d e fo r m e d  s u r f a c e  of a n h y d r i t e  and  c a lc i t e  zones
s im p ly  r e s u l t  f r o m  the c a p r o c k  fo rm in g  a t  g r e a t e r  d ep ths ,  fo l low ed by
l a t e r  m o v e m e n t  u p w ard  and  r e s u l t i n g  in the  u p p e r  s u r f a c e s  be ing  
d e fo r m e d .
12. A l l  of the  a n h y d r i t e  d i s so lv e d  does  not n e c e s s a r i l y  f o r m  in the  
c a p ro c k ,  but som e  e s c a p e s  into the  su r ro u n d in g  s e d im e n t s  to f o r m  the 
f a l s e  c a p r o c k .
13. The  r o o m  n e c e s s a r y  fo r  c a p ro c k  growth  deve lop s  p r i m a r i l y  
f r o m  the  d i s s o lu t io n  of the  top of sa l t  ( i n o t h e r  w o r d s  only 1000 fee t  
of s a l t  wculd  have  to be  d i s s o lv e d  off the  top of the  s a l t  in  o r d e r  to 
a c c o m m o d a t e  a  1000 foot  c ap rock ) .  O ther  w ays  of deve lop ing  r o o m  
would be  the  d i s s o lu t io n  of the  un s ta b le  e l a s t i c s  ( co m m o n  to the f a l s e  
c a p r o c k  e n v i ro n m e n t )  o r  s im p ly  by the fo rc e  of c r y s t a l l i z a t io n .  (Weyl, 
1959).
14. T h e  v a r i a b i l i t y  of  c a p r o c k  be tw een  d o m e s  and on any one 
ind iv idua l  do m e  would  r e s u l t  f r o m  lo c a l  c o n t r o l s  and  cond i t ions .  
S t r u c tu r e  would  c o n t ro l  f lu id  m o v e m e n t ,  a long w ith  th e  p e r m e a b i l i t y  
and  o s m o t ic a l l y  d e r i v e d  p r e s s u r e s  in  the  su r ro u n d in g  s e d im e n t s .  T h e  
co m p o s i t io n  of th e  a s s o c i a t e d  b r i n e s  would  l im i t  th e  ty p e s  of m i n e r a l s  
p r e c i p i t a t e d ,  and  the g e o c h e m ic a l  e n v i ro n m e n t  would d ic ta te  th e  ty pe  
of  m i n e r a l s  w h ich  p r e c i p i t a t e  f r o m  t h e s e  b r i n e s .
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APPEN D IX  A 
A na ly t ica l  P r o c e d u r e s
T h in -S e c t io n s
A to ta l  of 133 t h in - s e c t io n s  w e r e  cut p e r p e n d i c u l a r  to the  long 
a x i s  of the  c o r e s .  The o b jec t iv e s  of th is  e x a m in a t io n  inc lude  the 
fol lowing;  m i n e r a l  iden t i f ic a t ions  and  t h e i r  s i z e  and  shape ,  d e t e r m i ­
n a t ion  of the  d e g re e  and type of r e p l a c e m e n t  a n d / o r  a l t e r a t i o n  of the 
m i n e r a l s ,  the  p o r o s i t y  o r  the  p e r c e n t a g e  of unf i l led  p o r e  sp a c e  of the  
r o c k s  d e t e r m i n e d  by point count o r  v i su a l  e s t i m a t e ,  the  d e g r e e  of 
i n t r a g r a n u l a r  f r a c tu r in g ,  the  d e g re e  of r e c r y s t a l l i z a t i o n  and the  type  
a nd  p e r c e n t a g e  of f o s s i l s  o r  f o s s i l  f r a g m e n t s  in the sec t io n .  Any 
u n u s u a l  c h a r a c t e r i s t i c s  of the t h in - s e c t i o n s  w e r e  a l s o  r e c o r d e d .
T r a n s m i s s i o n  E le c t r o n  M ic ro s c o p y  (TEM)
T h is  p r o c e d u r e  e nab led  s a m p le s  to be o b s e r v e d  a t  m a g n i f i ­
c a t io n s  up to a p p ro x im a te ly  250, 000 t i m e s  with a  r e s o lu t io n  of l e s s  
o
th an  50A . The m ic r o s c o p e  w as  u se d  to d e t e r m i n e  m o rp h o lo g y  and  
i m p u r i t y  s i t e s  in ca lc i t e  cap ro c k  a s  w e l l  a s  to  give so m e  in fo rm a t io n  
on the  m i n e r a l s  g e n e s i s .
S a m p le  p r e p a r a t i o n  w as  a s  fo l lows:  The c o r e s  w e r e  cut in 
su c h  a  m a n n e r  a s  to o r i e n ta t e  m o s t  of the c r y s t a l s  in t h e i r  m a x im u m  
d im e n s io n .  The  cut s u r f a c e s  w e r e  th en  p o l i sh ed  with  p r o g r e s s i v e l y  
f i n e r  g r i t  to r e m o v e  a l l  s c r a t c h e s .  This  w as  fol lowed by su b m e rg in g  
th e  s a m p l e s  in a n  a c id  ba th ,  conta in ing  10 p e r c e n t  f o r m i c  a c id ,  f o r
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5 se co n d s .  A few d r o p s  of a 6 p e r c e n t  collodion in a m y l  a c e t a t e  
so lu t ion  was  p o u r e d  o v e r  the  a r e a s  to be s tud ied ,  and then  a l low ed  to 
d ry .  The f i lm  w a s  then  s t r ip p e d  f r o m  the s p e c im e n  a nd  tap e d  a t  the  
e d g e s  onto a m ic r o s c o p e  s l ide ,  i m p r e s s i o n  up. T h e s e  p e e l s  w e r e  
e x a m in e d  and  p h o to g rap h e d  with an  op t ica l  m ic r o s c o p e .  The s l id e s  
w e r e  then  p la c e d  into a. v acu u m  e v a p o r a t o r  and  shadowed with  
c h ro m iu m ,  fo l lowed by a depos i t ion  of a thin  c a rb o n  f i lm .  S e v e ra l  
l a y e r s  of f i l t e r  p a p e r  w e r e  p la c e d  into a sha l low  d ish  and  200 m e s h  
g r i d s  w e r e  a r r a n g e d  ove r  the  p a p e r .  The c o m p o s i te  f i lm  w as  then 
p l a c e d  ove r  the g r i d s ,  c a rb o n  f i lm  up. Am yl  a c e t a t e  w as  added  
s lowly  to the  ed g es  of the  f i l t e r  p a p e r  and  the d i sh  was  c o v e r e d  to 
a l low  the  col lodion  to d i s s o lv e .  A f te r  thorough  d ry in g ,  the  double 
r e p l i c a s  w e r e  e x a m in e d  in the e l e c t r o n  m ic r o s c o p e .
Scanning  E l e c t r o n  M ic ro sc o p y  (SEM)
The u t i l i ty  of the SEM s t e m s  f r o m  a  unique  co m bin a t ion  of 
f e a t u r e s  which  inc lude  m ag n i f ic a t io n s  up to 50, 000 t i m e s ,  r e s o lu t io n  
l e s s  than  30oJ?, g r e a t  depth of f o c u s - n e a r l y  300 t im e s  tha t  of the 
l ight  m i c r o s c o p e ,  r e a l i s t i c  " t h r e e - d i m e n s i o n a l "  im ag ing  a n d  d i r e c t  
e x a m in a t io n  without  r e p l ic a t io n .  The s a m p le s  o b s e r v e d  w ith  th is  
m i c r o s c o p e  w e r e  e l e c t r i c a l l y  non-co n du c t iv e  which  n e c e s s i t a t e d  a  
v a c u u m  d ep os i t  of a  th in  f i lm  of c a rb o n  a n d /  o r  A u - P d  on the 
s p e c i m e n  s u r f a c e ,  so a s  to p r e c lu d e  e l e c t r i c a l  changing of the 
s p e c i m e n ,  w ith  a t t en d a n t  im a g e  d i s to r t io n .
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The o b je c t iv e s  of th i s  p r o c e d u r e  w e r e  to s tudy  c r y s t a l  
m orp h o lo g y ,  g r a i n  to g r a in  r e l a t i o n s h i p s ,  and to iden t i fy  s m a l l  
i n c lu s io n s  and m in o r  p h a s e s  with the  e l e c t r o n  p r o b e  a t t a c h m e n t .  
S a m p le s  of c a l c i t e  and  a n h y d r i t e  cap ro c k  and sa l t  r e s i d u e  m i n e r a l s  
w e r e  o b s e r v e d .  S p e c im e n s  w e r e  p r e p a r e d  by p o l ish in g  and e tch ing  
the  s u r f a c e ,  f r a c t u r i n g  the  s u r f a c e  o r  m ak ing  p a r t i c u l a t e  m a t t e r  
g r a i n  m o u n ts .
X - R a y  D i f f r a c t io n
All  of the  s a m p le s  s tud ied  w e r e  su b je c te d  to x - r a y  d i f f ra c t io n  
to  d e t e r m i n e  m i n e r a l  p h a s e s  p r e s e n t .  A N o r e lc o  d i f f r a c t o m e t e r  
equ ipped  w ith  a c o p p e r  t a r g e t  and  a n ic k e l  f i l t e r  w a s  u sed .  As a  
r e s u l t  of th is  r a d ia t io n ,  i r o n  b e a r in g  m i n e r a l s  w e r e  s e ld o m  d e te c ted .
S a m p le s  w e r e  p r e p a r e d  f i r s t  by g r ind ing  and  then  se iv ing  th e m  
w ith  a  200 m e s h  s c r e e n .  The m a t e r i a l  which  p a s s e d  th ro ug h  the  se ive  
w a s  th en  p a c k e d  into  a  g l a s s  sa m p le  h o ld e r ,  and  x - r a y e d .
X - R a y  F l u o r e s c e n c e
X - r a v  f l u o r e s c e n c e  da ta  w e r e  o b ta ined  on a P h i l ip s  8 -p o s i t io n  
v a c u u m  s p e c t r o g r a p h  equipped with  a  s im u l t a n e o u s  output  p r i n t e r .  
Counting w a s  done c o m p le te ly  in the  f i x e d - t im e  m ode .  O p e ra t in g  
c ond i t ions  of the  s p e c t r o g r a p h  a r e  s u m m a r i z e d  in Tab le  20.
S a m p le s  w e r e  p r e p a r e d  a c c o rd in g  to the  m e th o d  ou t l ined  by 
L e a k e  a n d  o t h e r s  (1969). S e p a ra t e  s t a n d a r d s  w e r e  m a d e  fo r  CaCO^ 
and  CaSO^ m a t r i x  r o c k s  to avo id  m a s s  a b s o r p t io n  c o r r e c t i o n  p r o b l e m s .
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T A B L E  20 X -R a y  F lu o r e s c e n c e  In s t ru m e n ta l  P a r a m e t e r s
C ol- F ix ed
z P e a k Tube C ry s ta l Det. Gas l im a to r P a th kV mA T im e
Na Ka C r Gyp G F P C Nat. C o a rse Vac. 45 25 20
Mg Ka C r Gyp G F P C Nat. C o a rse Vac. 45 25 20
A1 Ko Mo Gyp G F P C P -1 0 F ine Vac. 45 25 50
Si Ka C r EDDT G F P C P -1 0 C o a rse Vac. 45 25 20
S Ka C r EDDT G F P C P -1 0 C o a rse Vac. 40 25 10
K Ka C r EDDT G F P C P -1 0 C o a rse Vac. 45 25 10
Ca Ka C r EDDT G F P C P -1 0 F ine Vac. 20 5 10
Ti Ka C r EDDT G F P C P -1 0 C o a rse Vac. 45 25 10
F e Ka Mo L iF Scin. — C o a rse Vac. 50 38 10
Cu Ka Mo L iF Scin. — Fine A ir 30 20 20
Zn Ka Mo L iF Scin. — C o a rse A ir 45 40 10
Rb Ka Mo L iF Scin. — C o a rs e A ir 45 40 10
S r Ka Mo L iF Scin. — C o a rs e A ir 50 38 10
Ba L £ , W L iF Scin. — C o a rse Vac. 50 45 20
G F P C  = gas flow p ro p o r t io n a l  c o u n te r .  Nat = n a tu ra l .  F T  = f ixed  t im e  
Scin . - s c in t i l la t io n  c o u n te r .  Vac. - v acu u m
T A B L E 21 A tom ic  A b so rp tio n  In s t ru m e n ta l  P a r a m e t e r s
Z W ave-length(&)
Cathod
c u rre n t(m A ) Range Slit (mm) F u e l Qxid
Na 5890 15 Vis 1 C2H2 A ir
Mg 2852 10 UV 3 C2H 2 A ir
A1 3093 28 UV 1 C„H 2 2 n 2 o
Si 2516 40 UV 0. 3 C2 « 2 N2°
K 7665 30 Vis 1 S « 2 A ir
Ca 4227 20 Vis 1 C2 » 2 A ir
F e 2483 35 UV 0. 3 C2 «2 A ir
Cu 3247 20 UV 1 C2H2 A ir
Zn 2138 15 UV 3 C2 » 2 A ir
S r 4607 20 Vis 1 A ir
Ba 5536 30 Vis 0. 3 ‘ 2h 2 n 2 o
V is - v i s a b le  s p e c t ru m .  UV = u l t r a v io le t  s p e c t r u m  
B oling  b u r n e r  h e a d  u se d  th roughou t
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T h ese  s ta n d a rd s  w e re  p r e p a r e d  by sp ik ing  s p e c t r o c h e m ic a l  g ra d e  
c a lc i te  and  a n h y d r i te  w ith  Spex M ix No. 1000 (a sp ik ing  s ta n d a rd  
con ta in ing  1. 27 p e rc e n t  each  of 49 e le m e n ts )  in a m o u n ts  c a lc u la te d  to 
a p p ro a c h  the  a n t ic ip a te d  c o n c e n tra t io n  le v e ls  of the  s a m p le s .  Six 
s ta n d a r d s  fo r  eac h  m a t r ix  type w e re  m ad e  w ith  the  follow ing 
c o n c e n tra t io n s :  (1) P u r e  m a t r ix  m a t e r i a l  (2) 10 p p m  (3) 50 p pm  
(4) 100 p p m  (5) 500 p p m  and  (6) 1000 ppm . The w e igh t of the  Spex 
M ix added  to the m a t r ix  sa m p le  w as eq ua l to  the  d e s i r e d  c o n c e n tra t io n  
le v e l  in the  s ta n d a rd  d iv ided  by 1. 27% (c o n c e n tra t io n  of e le m e n ts  in 
th e  Spex Mix) m u lt ip l ie d  by 6 g r a m s  ( d e s i re d  w eigh t of p e l le t ) .
O the r  m a t r ix  type ro c k s  w e re  a n a ly z e d  by the  m e th o d  of one s ta n d a rd ,  
an  a m p h ib o l i te ,  BL 3571 (L eak e , et a l .  , 1969).
To o b ta in  the  h ig h es t  p o s s ib le  p r e c i s io n  a  r a t i o  techn iq ue  w as  
u s e d  e x c lu s iv e ly  to av o id  both long and  sh o r t  t e r m  v a r ia t io n s  in the  
p e r f o r m a n c e  of the s p e c t r o m e te r .  E ach  se t  of s t a n d a r d s  w as  ru n  ten  
t im e s  fo r  e a c h  e le m e n t  to  be an a ly zed . The a v e ra g e  v a lu e s  w e re  then  
d iv id ed  by  the  s ta n d a r d  con ta in ing  the  500 p p m  c o n c e n tra t io n  lev e l .  
T h is  s t a n d a r d  w as  kept in one p o s i t io n  of the  s p e c t r o g r a p h  and  counted  
a f t e r  ru n n in g  e a c h  s e t  of sev en  unknowns. T h e r e fo r e ,  a l l  the c a l i b r a ­
t ion  c u rv e s  a r e  b a s e d  on p lo ts  of oxide p e rc e n ta g e  o r  e le m e n t  ppm  
a g a in s t  the  r a t i o  of coun ts  c o l le c te d  on the s ta n d a rd ,  w hich  w as a lw ay s  
the  s t a n d a rd  con ta in ing  the  500 p p m  c o n c e n tra t io n  lev e l .  E q u a tio n s  
t o r  th e  s t a n d a r d  c a l ib ra t io n s  a r e  l i s te d  in  T able  22.
TABLE 22
X -R a y  F lu o re s c e n c e  S tandard  C a lib ra t io n s
CaCO. M a tr ix  CaSO. M a tr ix3 4
C o r r .  S tandard  C o r r .  S tandard
z Coef. Equation e r r o r  of e s t . Z Coef. E quation e r r o r  of
Na 0. 996 Y=0. 472 x+ 0 . 560 0. 083 Si 0.991 Y=0. 001 x+ 0 . 860 0. 041
Mg 0.997 Y=0. 753 x+ 0 . 911 0. 056 S 0 .998 Y=0. 072 x -0 . 638 0. 001
Si 0. 982 Y=0. 001 x + 0 .485 0. 048 K 0.956 Y=0. 001 x+0 . 612 0. 045
S 0 .998 Y=0. 002 x  + 1. 154 0 .019 Ca 0.999 Y=0. 029 x -0 . 150 0 . 001
K 0.998 Y=3. 013 x +0. 531 0. 038 Ti 0 .998 Y=0. 001 x+0 . 574 0. 012
Ca 0. 997 Y=0. 015 x+0 . 158 0. 006 F e 0.995 Y=0. 001 x+0 . 328 0. 031
Ti 0 .982 Y=0. 001 x+0 . 454 0. 046 Zn 0. 991 Y=0. 0 0 2 x - 0 .  020 0. 064
F e 0 .995 Y=0. 001 x+0 . 528 0. 025 Rb 0.991 Y=0. 001 x +0. 233 0. 042
Zn 0 .998 Y=0. 001 x+0 . 299 0. 021 Sr 0 .999 Y=0. 001 x+0 . 758 0. 008
Rb 0. 999 Y=. OOOx+O. 775 0. 002
Sr 0 .999 Y=0. 0 0 0 x+0. 633 0. 007
Table  23
X -R a y  F lu o re s c e n c e  In s t ru m e n ta l  P r e c i s io n
Sam ple: CaCC>3 m a t r ix .  Jo nes  #1 well* 1195 f t . , M inden Dom e, La. A v e rag e  of dup lica te  a n a ly s is  
of 14 p e l le t s .
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Sam ple: CaSO^ m a t r ix .  Jo n es  #1 w e ll ,  1485 f t . , M inden Dom e, 
of 14 p e l le t s .
La. A v e rag e  of d up lica te  a n a ly s is
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★ % v a lu e ,  o th e r  v a lu e s  in ppm
F r o m  T able  23 i t  can  be seen  tha t  the c o eff ic ien ts  of v a r ia t io n  a r e  l a r g e ly  dependent upon the 
e le m e n t  and the  c o n cen tra tio n . T hey  a r e  w ell  w ith in  a cc ep tab le  l im i ts  fo r  th is  p a r t i c u la r  study.
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T A B L E  24 
A c c u ra c y  of X -R a y  F lu o re s c e n c e  A n a ly s is
S am ple  T l-1  T l-1  T l-3 4  T l-3 4  D o l-88 D ol-88  l a  Ta
M ethod X R F AA X R F AA Std. An. X R F Std. An . X R F
Na o r  Na^O 0. 83 0 . 89 — 120 0 . 08 0 . 10 0 . 39 0. 41
Mg o r  MgO 0 . 20 0 . 18 — 312 21. 48 + 2. 19 2. 16
Al o r  Al^O^ — 0. 06 — 0. 005 0. 067 — 4. 16 4. 11
Si o r  SiO 385 378 205 188 0. 31 0 . 28 14. 11 13. 90
S% <. 005 * 23. 65 * 0. 027 0. 035 0 . 266 0. 273
K o r  Kz O 1435 1395 195 203 0. 03 0 . 02 0. 71 0 . 69
CaO 50. 02 * 40. 52 * 30. 49 30. 55 41. 32 41. 60
Ti o r  T iO z 45 * — * 0. 005 0. 005 0 . 16 0. 17
F e  o r  F e 20 3 390 395 75 60 0. 084 0 . 079 1. 63 i .  65
Cu * 122 * 575 * * * *
Zn 490 510 310 385 * 25 * 118
Rb — # — * * U * 310
Sr 1250 1265 332 338 <100 42 2300 2280
Ba — 310 — £5 * — *
Tl-1  = T a tu m  Salt D om e, AEC T a tu m  #1, 974 ft. , CaCO c a p ro c k
T l-3 4  - T a tu m  Salt Dom e, AEC T a tu m  #1, 1506 ft. , CaSO c a p ro c k
D ol-88 = D o lom ite , B u re a u  of S ta n d a rd s ,  S ta n d a rd  Sam p le  pIo. 88
la  = A rg i l la c e o u s  l im e s to n e ,  B u re au  of S ta n d a rd s ,  S ta n d a rd  Sam ple  N o .la
X R F = X- r a y  f lu o re s c e n c e  a n a ly s is
AA = A tom ic  a b so rp t io n  a n a ly s is
Std. An. = B u reau  of S ta n d a rd s  a n a ly s is
* = Not a n a ly z e d
— = Below  d e te c t io n  l im it
+ = Beyond p r a c t i c a l  ran g e  of s ta n d a rd  c a l ib ra t io n  c u rv e  
U n d e rlin ed  v a lu e s  in d ic a te  p a r t s  p e r  m il l io n  of the  e le m e n t .  All 
o th e r  v a lu e s  a r e  g iven in p e rc e n t  a s  the  oxide o r  p e rc e n t  S.
E ach  sa m p le  ru n  in d u p lica te  w ith  m e a n  value  shown.
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The re p ro d u c ib i l i ty  of the d a ta  ob ta ined  f r o m  the  s p e c t r o m e te r  
w as  e v a lu a te d  by an a ly z in g  14 p e l le t s  in  d u p l ic a te  of a c a lc i te  and  of 
a n  a n h y d ri te  m a t r ix  s a m p le .  T ab le  23 s u m m a r i z e s  the ob ta ined  
r e s u l t s .
The a c c u r a c y  of the x - r a y  f lu o re s c e n c e  a n a ly s i s  w as  
d e te rm in e d  by co m p a r in g  w et c h e m ic a l  and  x - r a y  a n a ly s e s ,  and  by 
t r e a t in g  s ta n d a rd s  p r e p a r e d  and  a n a ly z e d  by the U. S. B u re a u  of 
S ta n d a rd s  a s  unknowns. T h ese  two a n a ly s e s  w e re  then  c o m p a re d .
The r e s u l t s  of th e s e  t e s t s  in d ic a te  th a t  the  m e th o d  of a n a ly s i s  is  h ighly  
a c c u r a t e  fo r  m o s t  e le m e n ts ,  and  a d eq u a te  fo r  the  re m a in in g  e le m e n ts .  
T he d a ta  ob ta ined  f r o m  the a c c u r a c y  t e s t s  a r e  l i s t e d  in T ab le  24.
A to m ic  A b so rp tio n
The a to m ic  a b so rp t io n  m e th o d  of a n a ly s i s  w as  em p loy ed  to
d e te rm in e  t r a c e  e le m e n t  c o n c e n tra t io n s  in CaCO and CaSO. m in e r a l s ,3 4
to  t e s t  the  a c c u r a c y  of x - r a y  f lu o r e s c e n c e  s ta n d a r d s  and  to  d e te rm in e  
c e r t a in  e le m e n ta l  c o n c e n tra t io n s  in  the  s o lu t io n -p re c ip i ta t io n  la b o r a to ry  
e x p e r im e n ts .
The tec h n iq u e  u se d  in the  a n a ly s i s  w as  ad o p ted  f r o m  the  A tom ic  
A b so rp tio n  N e w s le t te r  a s  w e ll  a s  o th e r  p e r t in e n t  in fo rm ation (A ng ino  
and  B il l in g s ,  1967; B ill in g s  and  R ag land , 1969). O p e ra t in g  cond itions 
of the  P e r k i n - E l m e r  303 s p e c t r o m e te r  a r e  l i s te d  in  T ab le  21.
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S o lu t io n -P re c ip i ta t  ion E xpt^rim ents
T he p u rp o se  of th e s e  e x p e r im e n ts  w as to develop  a b e t t e r  
u n d e rs ta n d in g  of the  g e n e s is  and  d ia g e n e s is  of CaSO^ c a p ro c k .  The 
so lu b il i ty  of the c ap ro ck  m in e r a l  is  c o n tro l le d  m a in ly  by n a tu r a l  
p a r a m e t e r s  in the th r e e  p h a se  s y s te m  CaSO^ - N aC l - H^O. The 
e x p e r im e n ts  w e re  d es ig n ed  to tak e  into accou n t so lu te  and  so lu tion  
c o n c e n tra t io n s ,  t e m p e r a tu r e  and t im e  independen t v a r ia b le s .
The p re c ip i ta t io n  e x p e r im e n ts  w e re  p e r f o r m e d  by two m e th o d s . 
The f i r s t  m ethod  c o n s is te d  of e v a p o ra t in g  an a r t i f i c i a l  se a  w a te r  
so lu tion  to about 0. 02 p e rc e n t  of i ts  o r ig in a l  vo lum e . The p r e c ip i t a te  
w as p e r io d ic a l ly  re m o v e d  f ro m  so lu tion  and  a n a ly z e d  fo r  m in e ra lo g y  
and  c r y s t a l  m orpho logy . The seco nd  m etho d  a c c o m p l is h e d  p r e c i p i ­
ta t io n  by ad d it io n s  of s m a l l  c o n c e n tra t io n s  of so d iu m  su lp h a te  to 
s a tu r a te d  c a lc iu m  su lph a te  so lu tio n s  with e x c e s s  so l id  s a l t  r e s id u e  
a n h y d r i te .  The so lid  m a t e r i a l  w as  e x am in e d  e v e r y  day  fo r  ten  days 
to  d e te rm in e  c h a rg e s  in m in e ra lo g y  and c r y s t a l  fo rm .
D isso lu t io n  e x p e r im e n ts  w e r e  conducted  on the  sa l t  r e s id u e
a n h y d r i te .  The r a t e  of d is so lu t io n  w as d e te rm in e d  by p la c in g  one
g r a m  of CaSO^ in 100 m i  of d is t i l l e d  w a te r  in one b o tt le  and  one g r a m
of CaSO^ in 100 m l  of 150 g NaCl p e r  l i t e r  of w a te r  in a n o th e r  b o t t le .
F iv e  m l  of so lu tio n  w e re  re m o v e d  e v e ry  24 h o u r s  f o r  the  f i r s t  10
d a y s ,  fo llow ed by re m o v a l  of the s a m e  am oun t a t  ten  day  in te r v a l s
fo r - th e  nex t 90 d ay s . E ach  sa m p le  w as then  a n a ly z e d  fo r  th e  am oun t 
of C a++ in so lu tion .
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The e ffec t  of m ix in g  d if fe re n t  c o n c e n tra t io n s  of N aC l so lu t io n s  
on the so lu b il i ty  of a n h y d r i te  open to  the  a tm o s p h e r e  w a s  e x p e r i ­
m e n ta l ly  in v e s t ig a te d .  T h is  p r o c e d u r e  invo lved  p a s s in g  a  so lu t io n  of 
150 g N aCl p e r  l i t e r  th rou gh  1. 5 g r a m s  of CaSO^ a t  a  flow r a t e  of 1 m l 
p e r  63 se c o n d s .  D is t i l le d  w a te r  w as  added  a t  a r a t e  of 1 m l  p e r  21 
se co n d s  to  the above p a s s e d  so lu tion  and  a llow ed  to p a s s  th ro u g h  a 
secon d  1. 5 g r a m s  of so lid  CaSO^, r e s u l t in g  in a  d ilu tion  f a c to r  of 
th r e e .  At in te r v a l s  of 24 h o u rs  fo r  ten  days a  5 m l  sa m p le  w as 
r e c o v e r e d  below  each  one of the two CaSO^ c h a rg e s  and  a n a ly z e d  fo r  
C a+* c o n c e n tra t io n  and  c r y s t a l  m o rp h o lo g y  ch an ges .
A PPE N D IX  3  
L ith o lo g ic a l ,  M in e ra lo g ic a l ,  and C h e m ica l  Data
A ppendix  B is a  co m p ila t io n  of da ta  d e r iv e d  f r o m  c h e m ic a l  and 
m in e r a lo g ic a l  a n a ly s e s  of c a p ro c k  and a s s o c ia t e d  m a t e r i a l s .  T h ese  
da ta  w e re  p r i m a r i l y  ob ta ined  by the  w r i t e r ,  a lthough  so m e  of the 
in fo rm a tio n  o r ig in a te d  f ro m  the  l i t e r a tu r e .
T ab le  25 l i s t s  l i tho logy  d a ta  f r o m  a l l  w e lls  on each  dom e fo r  
which in fo rm a tio n  w as ^variab le . A la rg e  p e rc e n ta g e  of th is  in f o r m a ­
tion  is  b o re  ho le  d a ta  d e r iv e d  f r o m  the f i le s  of F r e e p o r t  Su lphur 
Com pany.
M in e ra lo g ic a l  and  c h e m ic a l  d a ta  a r e  shown in T a b le s  26 th ro u g h  
34. T h e se  da ta  w e re  ob ta ined  by x - r a y  d if f ra c t io n  and  x - r a y  f l u o r e s ­
cence  a n a ly s e s .  T ab le  35, w hich  l i s t s  the a v e r a g e s  of c o n s t i tu e n ts  in 
a n h y d r i te  c a p ro c k  and  sa l t  r e s id u e  m u s t  be v iew ed  w ith  so m e  cau tion . 
The n u m b e r  of o b se rv a t io n  a r e  too few to be s t a t i s t i c a l ly  r e l i a b le  fo r  
so m e  of the  d o m e s .  They w e re  c a lc u la te d ,  h o w e v e r ,  in hopes tha t  the 
v a lu e s  m igh t in d ica te  som e s i m i l a r i t i e s  o r  d i f f e r e n c e s  be tw een  d o m es .
T a b le s  36 and 37 show w a te r  c h e m is t ry  co n ce rn in g  c a p ro c k  and  
su r ro u n d in g  s e d im e n ts .  S ta t i s t i c a l  a n a ly s e s  of so m e  L o u is ia n a  oil 
f ie ld  b r in e s  not a s s o c ia t e d  w ith  sa l t  d o m es  is  l i s t e d  in T ab le  38 fo r  
c o m p a r is o n  w ith  th o se  b r in e s  a s s o c ia t e d  w ith  d o m e s .  It shou ld  be no ted  
th a t  m o s t  of th e s e  b r in e s  a r e  f r o m  o il f ie ld s  lo c a te d  in the n o r th e r n  
p o r t io n  of the  s ta te .
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TA BLE 25
Lithology Data F r o m  All W ells On E ach  Dome
W ell TC Thick TG Thick TA Thick TT TS TSC>4 TSed S° 4CO3
Allen Dome, Tex.
FS1 — 916 348 1264 117 465 1381 465 —
FS2 1509 — —- NR
FS3 — 985 222 1207 172 394 1379 394 —
FS4 815 17 832 45 877 503 565 1380 548 — 32. 23
FS5 — — 1363 20 20 1383 20 4
FS6 867 31 898 475 1373 20 526 1393 495 — 15. 97
FS7 942 18 — 960 434 452 1394 434 12 24. 10
FS8 1081 5 1086 278 1364 19 302 1383 297 14 59 .43
FS9 — . 1154 101 1255 123 224 1378 224 —
FS10 807 16 823 377 1200 192 585 1392 569 — 35. 56
FS11 791 11 802 408 1210 184 603 1394 592 — 53. 82
FS12 • 806 77 883 427 1310 85 589 1395 512 — 6. 65
FS13 1237 245 1482 3 — 248 1485 3 119 0 . 01
FS14 896 143 1039 217 1256 127 487 1383 344 128 2 .4 0
FS15 760 100 920 60 860 NR
B elle  Isle  Dome, La.
FS1 1247 438 — — 442 1689 — 4
FS2 672 632 — — 632 1304 — —
FS3 1672 234 — — 253 1925 — 19
FS4 393 38 405 137 — 189 582 137 11- s a l t 3 .61
FS5 546 163 709 164 — 327 873 164 — 1. 04
FS6 1058 387 — — 387 1445 — —
FS7 426 89 503 60 — 149 575 60 — 0. 67
T able  25 cont.
W ell TC T hick TG T hick TA Thick TT TS TSO4 TSed
s o 4
CU3
B lack Bayou Dome, La.
FS1 — 954 NR
FS2 — 953 NR
FS3 1027 46 1086 20 1106 NR
FS4 1164 NR
FS5 1389 164 1553 NR
FS 6 — 881 NR
FS7 1011 19 1130 112 1242 NR
B re n h am  Dome, Tex.
FS1 1383 106 1489 NR
FS2 1973 70 — 2043 NR
FS3 1694 4 — 1698 NR
FS4 1794 96 — 1890 363 459 2253 363 5 3. 78
FS5 1022 93 — 1115 NR
FS6 — — 2369 NR
FS7 1272 45 — 1317 NR
Damon Mound Dome, Tex.
FS1 103 181 284 276 — 457 560 276 1. 53
FS2 148 186 334 230 — 416 564 230 — 1. 26
FS3 170 221 391 167 — 388 558 167 — 0. 75
FS4 179 81 260 314 — 395 574 314 — 3. 90
FS5 152 158 310 NR
FS 6 191 100 291 NR 195
T able  25 cont.
Well TC T hick TG Thick TA Thick TT TS t s o 4 TSed so4
FS7 128 118 246 296 — 414 542 296 — 2. 57
FS8 M issed Cap
FS9 157 38 195 342 — 380 537 342 — 9. 03
FS10 227 112 339 193 — 305 532 193 — 1 .7 4
FS11 — 157 380 — 380 537 380 —
FS12 233 369 602 40 — 405 642 40 — 0 . 12
FS13 108 53 161 399 — 452 560 399 — 7. 52
FS14 — 173 394 — 394 567 394 —
FS15 380 159 539 45 — 204 584 45 — 0 .2 8
FS16 105 — NR
FS17 1247 158 1405 NR
FS18 — 189 369 — 369 558 369 —
FS19 — 178 NR
FS20 — 180 NR
FS21 85 158 243 NR
FS22 — 291 242 — 242 533 242 —
FS23 108 12 120 410 — 422 530 410 — 3 4 .22
FS24 227 42 269 NR
FS25 186 96 282 NR
FS26 199 43 242 366 — 409 608 366 — 8 . 54
FS27 140 158 298 NR
FS28 151 196 347 NR
Hockley Dome, Tex.
FS1 345 35 380 77 457 720 847 1192 797 15 22. 86
FS2 417 190 607 173 780 286 649 1066 459 — 2 .41
FS6 666 201 — 1011 177 522 1188 177 144 0 .8 8
FS7 382 87 428 82 510 493 666 1048 575 4 6. 60
T ab le  25 cont.
W ell TC  T hick  TG T hick  TA
Hull Dome, Tex.
FS1 298 7 305 393 —
FS2 598 341 939 84 —
FS3 309 10 598 86 684
FS4 685 47 — 718
FS 6 — 36 Z 298 660
FS7 333 28 361 237 598




La. 4 1098 32 — 1130
B ender  1 1200 75 — 1275
B ender 3 1322 65 — 1387
L a. 1 1140 51 — 1191
C o r te s  1 1144 78 — 1222
Kings Dome, Mis
H all 1 c e le s t i te3593 177 — 3770
M cB ride  Dome, M iss
Thick TT TS T S O . 4 TSed
so4
CCh
400 698 393 56. 11
425 1023 84 — 0. 25
11 107 695 97 — 9. 76
164 253 1033 164 42 3. 50
29 327 689 327 —
82 347 680 319 — 11.43
148 403 688 401 _ 200.51
84 116 1214 84 — 2. 64
30 105 1305 30 — 0 .4 0
93 158 1480 93 — 1 .43
67 118 1258 67 — 1. 33







T able  25 cont.
Well TC Thick TG Thick TA Thick TT TS TSO.4 TSed
SO4
T O 3
M inden Dome, La •
Jo n e s  1 1160 124 — 1284 616 740 1900 616 4. 97
B rid g em an  1 1190 165 — 1355 557 622 1912 557 ----- 3. 37
Hudson 2 — — 2320 80 80 2400 80 ---
Napoleonville  Dome, La.
Le Blanc 1 — 430 216 670 24 263 693 240 23
La B ar re  1 361 20 350 175 655 NR —
La B a r re  2 — 414 NR
La B a r re  3 898 18 891 247 1181 31 296 1187 278 — 15.41
Duval 3 647 59 706 84 — 143 790 84 — 1 .46
UniS. 1 423 322 — — 322 686 —
Duval 5 — 551 134 — 134 685 134 —
Duval 1 — 703 26 — 26 729 26 —
TGS2 — 680 23 — 23 703 23 _
TGS5 — 708 3 — 3 711 3 —
Oakvale Dome, M iss .
N ew m an 1 1507 150 — 1657 NR
Newm an 2 1808 111 — 1919 NR
T h u rm a n  1 1819 7 — 1826 NR
T ay lo r  1 1570 124 — 1694 702 826 2396 702 — 5 .6 6
F o r te n b e rg  1 — NR
Sun 1 1538 NR
Table  25 cont.
Well TC T hick TG Thick TA T hick TT TS T S O . 4 TSed
so4
CO3
P ine  P r a i r i e  Dome, La.
FS 1 105 7 132 356 115 12 380 492 368 5 52. 62
FS 2 237 49 246 216 — 265 499 216 — 4. 45
FS 3 29 357 415 64 — 466 495 64 45 0 . 18
FS 4 160 214 374 101 475 22 337 497 123 — 0. 57
FS 5 345 94 449 78 527 3 185 530 81 10 0 .8 6
FS 6 172 19 191 329 — 354 526 329 — 17. 30
FS 7 83 150 233 274 — 426 509 274 — 1. 85
FS 8 — 465 15 480 9 24 . 489 24 —
FS 9 144 84 675 19 694 58 608 752 77 — 0 . 92
FS 10 122 334 456 48 504 9 391 513 57 — 0. 17
FS 11 189 49 257 236 — 304 493 236 19 4. 93
FS 12 31 505 — — 530 561 — 25
Richm ond Dom e, M iss .
B eas ley  1 1607 43 — 1650 295 338 1945 295 — 6 .8 6
W atts 1 1708 32 1740 5 1745 NR
Scarbo rou gh  11 1837 27 1940 45 1842 45 117 1954 90 — 3. 32
Ruth Dome, M iss .
C la rk  1 M issed cap
C lark  2 2212 464 — 2676 NR
L ee 1 2244 485 — 2729 NR
G. C la rk  1 2438 322 — 2760 NR
B of SI 2432 338 _ 2770 NR
T ab le  25 cont.
Well TC Thick TG Thick TA T hick T T TS T S O . 4 TSei
S a rd is  C hurch  Dome, M iss .
Bell 1 1102 759 — 1861 NR
B ell 2 1174 NR
C liburn  1 1498 400 — 1898 NR
A llen  1 1067 842 1909 NR
Section  28 Dome, La.
M art in  1-A 1126 32 _ — 55 1181 23
M a rt in  2- A 2381 8 -- — 8. 2389 —
S tra tto n  Ridge Dome, Tex.
Seaburn  1 2030 361 2391 82 — 443 2473 82 —
T & D 1 _ 910 398 — 398 1308 398 —
T & D 2 1212 42 1254 62 — 104 1316 62 —
T & D 4 1246 12 1238 81 — 93 1319 81 —
B rock  1 1239 61 1300 12 — 73 1312 12 —
S eaburn  4 994 26 1020 17 1003 331 340 1334 348 —
S tra tto n  1 1208 52 — 1260 63 115 1323 63 —
R ycads 1 2300 382 — 2682 1 382 2682 1 —
T atu m  Dome, M iss .
FS 1 1370 67 1465 69 1437 28 164 1534 97 —
FS 2 1784 11 — 1792 NR
FS 3 967 104 1071 3 1074 459 566 1533 462 —





6 . 73 





Table  25 cont.
W ell TC Thick TG Thick TA
F S  5 905 124 1029 33 1062
F S  6 1184 202 1386 6 1400
F S  7 




68 1029 95 1124
F S  9 1161 127 1288 37 1325
FS  10 1002 125 — 1127
L. L it t le  1 2641 96
U tica  Dome, M iss ,  
c e le s t i te






Venice 1 1535 583 — 2118
T id e w a te r  1 
T id ew a te r  2





G ra y  2 645 123 768 118 945
G ray  3 420 159 593 116 835
G ra y  5 724 159 — 906
G ra y  6 384 78 465 525 1001
Thick TT  TS TSO„ TSed £ 2 ?  ____________________________4___________ TXT-3
NR
112 320 1512 118 — 0. 58
NR
178 342 1503 215 — 1 .70
NR











Table  25 cont.
W ell* TC Thick TG Thick TA Thick TT TS TSO.4 TSed
S0 4
“CUT
W innfield Dome, La.
3 325 105 430 30 — 135 460 30 0. 28
18 — 150 125 310 175 300 460 300 —
22 225 125 350 10 360 100 235 460 110 — 0 .88
31 250 175 M M 425 35 210 460 35 M M 0. 20
♦Inform ation  f r o m  Guidebook, S h rev ep o r t  Geol. Soc. , I960
TC = top of c a lc i te ,  TG = top of gypsum , TA = top of an h y d rite  
T T  = to ta l  th ic k n e ss  of cap ro ck , TS = top of sa l t ,  TSO^ = to ta l  su lphate  
TSed = to ta l  se d im e n ts  in cap ro ck , — = a b sen t ,  NR = none r e c o v e re d  
































T atu m  Dome, M iss .  AEC T atum  #1 Well. M in e ra lo g ic a l  and C hem ica l  Data
M in e ra ls*  Color CaO% S% Sippm Kppm Fe ppm Zn ppm Sr ppm Tippm MgOfoNa^C
Cal Bk. &Wt. Bds. 50. 02 0 .005 385 180 390 490 1250 45 0 . 20 0. 83
Cal G ray 54. 10 0.0145 590 -------------- 305 500 1242 0. 17 0. 94
Anhy G ray 40. 83 23. 80 950 245 45 305 380 mm MM
11 I I 40. 79 23. 79 470 140 53 295 390 ___ .p .
I I 11 39 .96 23. 57 255 250 30 325 378 m— —
I I I I 39. 58 22. 94 645 244 100 295 330 _ _
I I 11 40. 16 23. 28 -------------- 90 32 317 410 _ -------
I I 11 40. 44 23. 43 540 155 80 330 408 mm
I I I I 40. 42 23. 73 730 345 52 300 390 — mm -------
I I 11 40. 43 23. 51 705 270 5 315 350 _ -------
I I I I 40. 34 23. 52 100 175 50 295 378 « _ -
n I I 40. 26 23. 25 375 320 40 313 355 mm
i i 11 40. 20 23. 46 400 125 81 293 357 mm - —
i i I I 40. 80 23. 58 -------------- -------------- 60 294 335 _ MM
i i I I 39. 54 22. 95 575 195 65 285 331 w— _
n I I 40. 73 23. 40 920 310 60 260 380 -------- mm MW
i t I I 40. 80 23. 65 945 345 5 270 318 —
i i I I 40. 80 23. 57 425 195 45 280 355 — mm
i t I I 40. 54 23. 00 270 290 75 283 360 MW --
i i 11 40. 04 23. 35 350 255 90 278 361 mm mm MW
i i I I 40. 32 23. 80 ----------- ---------- 65 255 318 ww MW
i i 11 40. 44 23. 55 425 165 73 282 361 _ - —
i i I I 40. 62 23. 56 345 320 80 280 400 --- - -
i i I I 40. 20 23. 67 680 300 10 383 350 _ MW ___-
i i I I 40. 34 23. 37 400 280 60 275 375 mm MM
i t I I 40. 42 23. 48 170 400 30 294 360 _ -r-T - —
i i I I 40. 62 23. 44 275 205 85 281 330 mm - — MM
i i 11 40. 80 23. 46 ----- ----- 60 260 400 - — 203
Table  26 cont.
Depth M in e ra ls*  Color CaO% S% Sippm
K
ppm Fe ppm Zn ppm Sr ppm Tippm MgO%Na 0%w
1470 Anhy G ray 40. 60 23. 60 525 275 65 295 405 -----  —
1477 11 11 40. 68 23. 64 605 375 60 327 330 — —  —
1493 11 11 40. 80 23. 69 380 215 25 300 250 — -----  -----
1500 11 11 40. 82 23. 70 185 285 45 315 280 — -----  —
1502 I t  II 40. 67 23. 61 275 225 40 ' 225 277 — -----  —
1506 I I  II 40. 52 23. 65 205 195 75 310 332 — -----  ------
1507 II  II 39. 70 23. 10 --------- 110 75 316 280 — -----  —
1509 I I  II 39. 74 23. 43 1075 280 160 316 300 — -----  —
1510. 5 Salt r e s .  " 37. 62 23. 33 --------- 5 110 446 380 — -----  ------
1513 11 II 39. 54 23. 55 --------- 5 125 445 360 — -----  -----
1847 I I  11 39. 48 23. 54 --------- 10 85 447 390 — -----  -----
2228 I I  II 38. 82 23. 54 --------- 65 57 450 385 — —
M inden Dome, La. Jo nes  #1
TABLE 27 
Well. M in e ra lo g ic a l  and C hem ica l Data







P P m  ppm
Tippm MgO%Na 0%M
1165 C al-Q Bk. &Tan Bds. 54. 42 0. 0130 945 207 575 70 40 0 . 90 0 . 92
1170 C a l-D Tan 56. 04 0 . 0120 ----- 83 ----- 155 100 110 0. 98 0. 75
1180 Cal Bk. som e Wt. 55. 23 ----- 227 187 85 80 50 45 0. 35 0 . 98
1185 Cal Bk. &Wt. Bds. 55. 32 0. 0178 ----- 94 65 528 168 210 0 . 88 0. 73
1185 C al-D Bk. 55. 20 ----- 295 — 175 165 310 510 1. 00 0. 72
1190 Cal Bk. &Wt. Bds. 56. 81 0. 0154 160 137 125 145 125 175 0. 75 0. 84
1195 Cal I I 53. 21 0. 0110 465 228 135 530 120 170 0. 73 0 . 91
1200 Cal I f 55. 34 0.0110 260 166 145 175 95 180 0. 63 0 . 92
1220 Cal 11 55. 25 0. 0203 285 104 70 200 70 180 0. 50 0. 95
1250 C al-Q I I 48. 80 0. 0155 870 153 105 360 135 210 0. 63 0. 93 204
Table  27
Depth M in e ra ls*  C olor CaO% S% Si
-------------------------------------------------    PPm
1255 Cal Yellow 54. 00 0. 0055 ------------
1255 Cal Wt. 52. 06 ------------ 403
1264 C al-S Bk. StWt. Bds. 45. 20 0 .0703 225
1274 Cal Yellow 50. 81 0. 0040 77
1280 C a l-Q -P y  Bk. &Wt. Bds. 50. 77 0 .0212  7922
1284 Cal Bk. som e Wt. 55. 20 0 .0140 285
1286 Cal Wt. 54. 12 0 . 0120 185
1290 C al-S Wt. 43. 65 0 .0750 210
1290 C al-Q Bk. 54. 60 0 .0230 875
1304 Anhy G ray 40. 38 23. 80 ■ 1
1312 I I I I 40. 63 23. 80 —  —  -
1320 I I I I 40. 71 23. 80 — —
1330 11 11 39. 46 23. 08 85
1350 I t I I 37. 40 22. 56 70
1370 I I I I 40. 28 23. 56 65
1400 I I I I 40. 74 23. 62 —  ■ i
1420 I I I I 40. 80 23. 80 75
1430 I I I t 40. 22 23. 11 160
1450 I I I I 39. 56 23. 17 195
1470 I I I I 40. 86 23. 80 70
1485 I I I I 39. 96 23. 41 96
1500 11 I I 40. 85 23. 12 105
_  Fe  Zn S r  Ti MgO%Na 0%ppm  ppm  ppm  ppm ______ ppm  B 2
116 ----- 175 50 140 0 . 10 1. 02
104 70 225 180 3120 0. 90 0. 93
75 5 580 215 255 0. 55 0. 76
436 195 245 65 85 0 . 11 0. 94
174 715 200 135 135 0. 38 0 . 86
120 120 265 5 35 0 . 10 0 . 96
104 5 245 ----- 20 — 0. 93
62 100 580 25 3800 _ 0. 65
54 395 225 —— --- _ 0. 93
20 73 324 320 —
----- 15 349 300 --- . . .
----- 43 340 275 _ _
150 80 325 200 — _
110 45 325 330 _
----- 5 310 328 _
----- 15 324 332 —
----- 16 308 360 — _
120 110 330 375 _
125 52 332 358 — _
150 65 315 362 _
203 265 435 343 _ — - —_
























Kings Dome, M iss .  H all #1 Well. M in e ra lo g ic a l  and C hem ica l  Data
M in e ra ls*  Color CaO% s% sio2% Kppm F e 2° 3% Znppm Sr% o r  ppm Tippm MgO%Na C
K -Q -P l G ray 1. 78 0. 0352 69. 92 4440 3. 40 770 533 ppm 4796 0 .9 0  —
Q -K -P l II 1. 81 0. 0332 76. 00 3942 2. 02 790 454 ppm 4496 0. 50 —
K -Q -P l II 2. 53 0. 0719 62. 41 4482 4. 60 735 505 ppm 5036 0. 90 —
Q -K -P l II 1. 88 0 .0375 77. 71 3735 1. 25 795 715 ppm 3537 0 . 20 —
Q -K -P l II 1.71 0 .0475 77. 28 3444 0 . 80 825 453 ppm 3117 —  —
D -Q -C e Bk. som e Wt. 32. 01 1. 10 1. 70 124 0. 65 520 3. 01% 10 17.33  0 .22
C e-D -Q G ray 4. 31 15. 70 12. 20 77 1. 45 50 36. 32% 10 7. 95 —
Anhy II 40. 56 23. 67 0 . 03 125 0. 05 425 1700 ppm — —  —
Anhy II 38. 34 21. 80 0 . 90 155 0. 15 412 4800 ppm — — —
Salt Res. II 39. 47 23. 54 ----- 10 0. 024 453 380 ppm — — —It II 39. 51 23. 53 --- 15 0. 017 460 380 ppm — — —
TA B LE 29
U tica  Dome, M iss .  L e e L it t le  #1 Well. M in e ra lo g ic a l  and C hem ica l  Data
M in e ra ls*  Color CaO% S% S io 2% Kppm f = 2o 3% Znppm Sr% o r  ppm Tippm MgO%Na Cw
C al-D -Q - G ray 31 .93 0. 0225 10. 28 668 1. 05 538 270 ppm 2818 11. 45 0. 30
K -P l
D -C a l-Q II 32. 55 ---- 1. 10 153 0 . 49 540 235 ppm — 17. 50 0. 30
C al-D G r. &Wt. Bds. 50. 71 ---- 0 .0845 178 0 . 21 70 65 ppm — 5. 56 0. 84
C al-D II 47. 23 0 .0110 0 .0577 166 0. 50 115 27 ppm 65 5. 80 0 . 61
C e -C a l- II 13. 44 10. 00 4. 61 41 0. 53 175 27. 31% 305 2. 60 —
D-Q
Ce- Cal Bk. &Wt. Bds. 5 .30 14. 31 0 .0577 83 0 . 02 160 39. 06% 9292 0. 05 --
Ce G ray < 1. 00 16. 28 ---- ---- ---- 620 44. 62% 10731 0. 05 —






















Table  29 cont.
M in e ra ls*  Color CaO% S% SiO % K Fe O % Zn Sr% Ti MgO%Na_0%____________________________  2____ ppm ____ 2 3_____ ppm  o r  ppm _____ppm  ______2
Anhy G ray  39. 64 23. 55 ----  ----  0. 03 425 820 ppm  — — —
Anhy " 39 .68  23 .49  0 .85    0 .1 0  400 760 ppm  — — —
Anhy " 39. 56 23. 56 0. 93---- ----  0. 08 282 880 ppm  — — —
Anhy " 39 .55  23 .55  0 .9 0    0 .0 9  450 1250 ppm  — — —
Salt Res. " 39. 54 23. 54 ----  15 0. 03 463 375 ppm  — — —
TABLE 30
Allen Dome, Tex. Allen #7 Well. M in e ra lo g ica l  and C hem ica l Data
M in e ra ls*  C olor CaO% S% Sippm Kppm Fe ppm Znppm S r PPm Tippm MgO%Na w
Anhy G ray 38. 98 23. 02 812 330 26 395 260 ------  ---
i i  i t 39. 12 23 .07 600 200 102 386 278 — ------  -------
n  i t 39. 60 23. 21 424 130 134 366 358 — ------  ------
39. 99 23. 26 212 ----------- 148 357 376 — ------  -------
m  i i 39. 36 23. 19 436 25 140 376 283 — ------  -------
n  i i 38. 98 23. 09 588 180 134 384 304 — ------  —
i i  n 39. 48 23. 08 580 305 130 380 332 — ------  —
i i  n 39. 84 23. 20 434 150 130 376 353 — —  ------
i i  t i 40. 48 23. 47 100 120 100 372 320 — ---  -------
i i  i i 38. 97 22. 81 925 210 136 368 316 — ------  -------
Salt R es. " 39. 40 23. 21 35 19 66 472 371 — ------  -------
Sait R es . " 39. 44 23. 21 25 23 78 474 357 — _  —
207
TABLE 31
Hull Dom e, Tex. F . S. Co. Well #6. M in e ra lo g ic a l  and  C hem ica l Data
Depth M in e ra ls*  Color CaO% S% Sippm Kppm Fe PPm _.
Znppm Sr ppm Ti MgO%Na_0% ppm  2
663 Anhy G ray 40. 14 23. 51 515 120 127 315 413 —  —  —
670 II II 39. 54 23. 09 705 180 103 318 415 —  —  —
680 II II 40. 46 23. 62 250 10 111 305 399 —  —  —
689 II II 39. 22 22. 88 970 290 119 302 429 —  —  —
690 Salt R es. " 39. 50 23. 39 ----------- 35 94 475 363 —  —  —
692 Salt R es . " 39. 54 23. 41 ----------- 29 96 475 357 —  —  —
TABLE 32
Jenn ings  Dome, La. P an  Am #146 Well. M in e ra lo g ic a l  and C hem ica l Data
Depth M in e ra ls*  Color CaO% Sppm Si K_0% ppm  2 F e .O  % Zn Sr 2 3 ppm  ppm Tippm MgO%Na 0%w
2769 C a l-P y  G r.& W t. Bds. 54. 01 280 ----  0 . 06 0 .25  505 315 73 0 .48  0 .9 4
2850 C a l-P y  G r. &Wt. Bds. 50. 62 530 603 1 .07 0 .45  515 506 — 0 .9 0  0 .8 2
TABLE 33
H ockley Dom e, Tex. Salt Mine. M in e ra lo g ica l  and C hem ica l  Data
Depth M in e ra ls*  Color CaO% S% Si K ppm  ppm Fe Zn Sr ppm  ppm  ppm
Ti
ppm MgO%Na 0% £




Chactaw  Dome, La. B rine  Well. M in e ra lo g ic a l  and C hem ica l Data
Depth M in e ra ls*  C olor CaO% S% Si
ppm
K F e  Zn S r  ppm  ppm  ppm  ppm Ti MgO%Na.O% PPm 6 2
ResidudSalt R es . ?G ray  
on
su rfa c e
38. 70 22. 12 860 180 220 448 336
Only those  m in e r a l s  iden tified  by x - r a y  d if f rac t io n  a r e  noted. M in e ra ls  l i s te d  in d e c re a s in g  o rd e r  
of abundance. Cal = c a lc i te ,  Anhy = a n h y d rite ,  Q = q u a r tz ,  D = do lom ite , K = kao lin ite ,
Ce = C e le s t i te ,  PI = p la g io c la se ,  S = su lph u r , Py = p y r i te .
= Below XRF d e tec t io n  l im it.
TA BLE 35
A v e rag e s  of A nalyzed C onstituen ts  in CaSO^ C aprock  and Salt Residue
Dome Zone Value CaO% S% Sippm Kppm Fe ppm Znppm S r No. of pp m  sample!
T atum , M iss .  C aprock m in. 39. 54 22. 94 — — 5 225 277 34
m ax. 40. 82 23. 80 1075 400 160 500 410
m ean 40. 49 23. 49 417 223 58 295 350
a 0. 37 0. 23 295.26 102. 51 29. 75 27. 57 40. 64
C(%) 0 . 92 0. 97 70. 81 45. 97 51. 30 9. 34 11. 61
Salt re s id u e m in. 37. 62 23. 33 — 5 57 445 360 4
m ax. 39. 54 23. 55 — 65 125 450 390
m ean 38. 86 23 .49 — 21 94 447 379
<7 0. 89 0. 10 31. 42 29. 84 3. 91 13. 12
C (%) 2. 29 0. 43 149. 86 31. 71 0. 90 3. 54
Minden, La. C aprock m in. 37. 40 22. 56 _________ - -  - 5 308 200 13
m ax. 40. 86 23 , 80 195 203 265 435 375
m ean 40. 23 23. 43 71 77 67 335 326
a 0. 95 0. 39 61. 19 74. 02 67. 53 32. 24 46. 77
C(%) 2. 36 1. 69 86. 18 96. 13 100. 79 9. 62 14. 31
Salt re s id u e * 0
Kings, M iss .  C aprock m in. 38. 34 21. 80 140 125 300 412 1700 2
m ax. 40. 56 23. 67 4200 155 400 425 4800
m ean 39. 45 22. 73 2800 140 350 418 3250
<r 1. 57 1. 32 2870.85 21. 21 70. 71 9. 19 2192. 03
C(%) 3. 98 5. 82 102. 53 15. 15 20. 20 2. 20 67. 45
Salt r e s id u e m in. 39. 47 23. 53 ----- 10 59 453 380 2
m ax. 39. 51 23. 54 ----- 15 86 460 380
m ean 39. 49 23. 53 ----- 12 72 457 380
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Table  35 cont.
Dome Zone Value CaO% S% Sippm Kppm
Fe
ppm Znppm S r No. of ppm  sa m p l
Kings, M iss . a 0. 03 0 . 01 3. 53 19. 09 4. 95 0 . 0
C(%) 0 . 08 0. 04 29. 46 26. 52 1. 08 0 . 0
Utica, M iss . C aprock m in. 39. 55 23. 49 - -------  - 111 282 760 4
m ax. 39. 68 23. 56 4334 -------------- 345 450 1250
m ean 39. 61 23. 54 3150 -------------- 264 389 927
<r 0. 05 0. 03 2087. 13 105. 45 74. 36 220. 51
C(%) 0. 13 0. 14 66. 26 39. 94 19. 11 23. 79
Salt re s id u e 39. 54 23. 54 -------------- 15 112 463 375 1
Allen, Tex. C aprock m in. 38. 97 22. 81 100 - 26 357 260 10
m ax. 40. 48 23. 47 925 330 148 395 376
m ean 39. 48 23. 14 512 165 118 376 318
<T 0. 51 0. 17 249.01 131. 96 35. 83 10. 96 37 .68
C(%) 1. 28 0. 73 48. 63 79. 97 30. 36 2. 92 11. 85
Salt re s id u e m in. 39. 40 23. 21 25 19 66 472 357 2
m ax. 39. 44 23. 21 35 23 78 474 371
m ean 39. 42 23. 21 30 21 72 473 364
<x 0. 07 0. 0 7. 07 2. 83 8 .48 1.41 9 .90
C(%) 0 . 18 0. 0 23. 57 13. 47 11. 78 0. 30 2. 72
Hull, Tex. C aprock m in . 39. 22 22. 88 250 10 103 302 399 4
m ax. 40. 46 23. 61 970 290 127 318 429
m ean 39. 84 23. 25 610 150 115 310 414
(7 0. 56 0. 35 304. 00 116. 90 10. 33 7. 70 12. 27
C(%) 1. 41 1. 50 49. 83 7 7 .9 4 8 .9 8 2 .48 2.96
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Sr ppm No. qf sa m p le s
Hull, Tex. Salt r e s id u e m in . 29. 50 23. 39 29 94 475 357 2
m ax. 39. 54 23. 41 ---- 35 96 475 363
m ean 39. 52 23. 40 ---- 32 95 475 360
cr 0. 04 0 . 01 4. 24 1. 41 0. 0 4. 24
C(%) 0. 10 0 . 06 13. 26 1. 48 0 . 0 1 .18
Hockley, Tex. Caprock* 
Salt r e s id u e 38. 69 22. 27 ------- 145 132 452 385
0 .
Chactaw, La. Caprock* 
Salt r e s id u e 38. 70 22. 12 860 180 220 448 336
0
1
* = S am ples  not ava ilab le
—  = Below X RF de tec tion  l im it
Table 36
Chemical Analyses o f  Water Taken from Wells D rilled  

















2,064 34,550 887 2,407 20,473 1,117 60 59,494 195
J . Crote 
No. 2
2,485-








1,809 11,196 766 ------- 7,158 258 51 19,428
95
approx.
Table 36 .shows chemical analyses o f water taken from c a v it ie s  in some o f the cap rock w e lls . 
The l is t in g  of the w ells i s  arranged in increasing distance from the center o f the dome. Note 
the increase in the temperature of the water from the w ell nearest the center o f the dome as 
compared with those farther out. (From Ferguson and Minton, 1936.)
T A B L E  37
A n a ly ses  of Some L ou is iana  Salt Dome A sso c ia te d  O ilfie ld  B r in es





a n a ly s is pH Na K Ca Mg Sr Ba Cl h c o 3 S° 4
Jennings 2512 1855 6. 90 46937 428 2497 1154 173 7 80807 64 132
do. 2512 6309 6. 90 29768 263 2176 331 375 15 51603 416 86
Sulphur M ines 1460 3728 5. 20 44465 176 2492 949 145 68 76191 134 0
E d g er ly 3985 2465 5. 10 17736 79 867 409 92 51 32032 167 0
do. 3985 3538 6. 20 40816 248 2645 840 128 73 66974 134 0
S ta rk s 1925 4192 6. 60 35017 214 2886 844 70 45 61819 195 219
do. 1925 806 6. 20 11791 45 912 375 15 5 20548 171 466
L ockport 7207 3228 6. 30 40756 110 2386 836 93 74 69814 86 0
Vinton 925 4873 6. 50 45000 328 3026 976 180 48 78136 116 100
do. 925 2258 6. 20 35008 218 2187 981 105 6 60933 334 0
E. H a ck b e rry 2950 5978 6. 60 44607 195 2473 747 143 90 75837 157 0
W. H a c k b e rry I960 3297 5. 60 46011 168 2097 646 130 48 77085 153 0
A very  Is. 6 9557 7. 20 49920 310 2920 253 91 70 88329 128 200
Choctaw 629 3322 6 .99 46416 216 2796 876 118 55 79513 134 0
do. 629 8132 7. 50 32204 198 1133 336 200 5 52861 701 388
St. G a b r ie l 11230 8601 6. 30 41453 224 3450 2140 63 30 76023 256 910
White C astle 2313 5635 6. 40 47798 246 2874 883 120 73 81864 88 0
L aF it te 13947 4516 6. 80 31773 190 2531 1172 68 60 57117 163 0
Iowa 7902 8122 6. 20 23261 262 462 120 70 10 37301 800 167
L eev il le 3800 8714 6. 70 48077 562 2419 389 208 128 86350 4490 0
Chacahoula 1100 3517 6. 50 54556 348 1307 370 100 88 88076 116 0
Lk. W ashington 1500 1135 8. 00 8501 120 195 0 33 8 13584 93 74
P a r a d is 13538 10066 6. 60 30735 186 803 156 118 5 49328 783 397
P o r t  B a r re 3642 2927 7. 00 43853 260 2776 934 180 95 75836 144 0
C onstituen ts  given a s  m i l l ig r a m s  p e r  l i t e r
T able  37 cont.
S tandard  C oeffic ien t of
V ariab le__________ M ean________ D eviation______Variation(%)_______ N=24
TS* 3854.46 3995.71 103.66
DA 4763. 77 2868. 00 60. 20
PH 6. 52 0. 65 9. 97
Na 37352 12177 32. 60 1. Top of sa l t ,  ft
K 233 110 47. 21 below su r fa c e
Ca 2096 912 43.51 2. Depth of a n a l-
Mg 696 461 66. 24 traia in t f
S r 126 73 57. 94
y s i 3) in i t •
Ba 48 35 72. 92
Cl 63873 20852 32. 65
HCO 0 418 894 213. 87
S ° 4
J
132 219 165. 90
C o rre la t io n  M atr ix
V ar. TS DA PH Na K Ca Mg Sr Ba Cl HCO , SO. 3 4
TS 1. 000 0. 352 -0 .0 9 5 -0 . 179 -0 . 132 -0 .061 0. 256 -0. 224 -0 . 094 -0 . 155 0. 087 0. 360
DA 0. 352 1 .000 0. 246 0. 285 0. 401 0. 147 -0. 068 0. 251 0 .069 0. 279 0 .427  0 .419
PH -0. 095 0. 246 1. 000 -0 . 063 0. 249 -0 .0 5 4 -0 .2 1 9 0. 130 -0 .1 4 5 -0 .0 7 5 0 .080  0. 105
Na -0 . 179 0. 285 -0 .0 6 3 1. 000 0. 610 0. 723 0. 406 0. 307 0. 623 0. 994 0. 103 -0. 234
K -0. 132 0. 401 0. 249 0. 610 1. 000 0. 357 0. 063 0. 454 0. 386 0. 621 0 .610  -0 . 148
Ca -0 .061 0. 147 -0 . 054 0. 723 0. 357 1. 000 0. 747 0. 237 0. 477 0. 776 -0 . 047 -0. 039
Mg 0. 256 -0 .0 6 8 -0 .2 1 9 0. 406 0. 063 0. 747 1. 000 -0 .0 7 3 0. 124 0. 473 -0 .2 2 8  0. 278
Sr -0 .2 2 4 0. 251 0. 130 0. 307 0. 454 0. 237 -0. 073 1. 000 0. 108 0. 312 0. 273 -0. 237
Ba -0 .0 9 4 0. 069 -0 . 145 0. 623 0. 386 0. 477 0. 124 0. 108 1. 000 0. 636 0. 347 -0. 485
Cl -0 .1 5 5 0. 279 -0 . 075 0. 994 0. 621 0. 776 0. 473 0. 312 0. 636 1. 000 0. 137 -0. 210
HCO 3 0 .087 0. 427 0 .080 0. 103 0. 610 -0 .0 4 7 -0 .2 2 8 0. 273 0. 347 0. 137 1. 000 -0 . 031
s o 4 0. 360 0 .419 0. 105 -0 . 234 -0 . 148 -0 .0 3 9 0. 278 -0 .2 3 7 -0 . 485 -0 .2 1 0 -0 .0 3 1  1 .000 215
TABLE 38
S ta t i s t ic a l  A nalysis  of som e  L ou is iana  O ilfie ld  B r in es  not A sso c ia ted  with Salt Dom es
(Data f ro m  Collins, 1970)
V ariab le Mean
S tandard
Deviation
Coeffic ient of 
Variation(%) N=6l
DAa 4934. 44 2925.37 59. 28
PH 6. 64 0. 93 14. 01
Na 29702 14833 49. 94
K 218 171 78. 44
Ca 3339 5470 163.82
Mg 499 563 112.82
Sr 283 322 113. 78
Ba 72 106 147. 22
Cl 53536 30582 57. 12




87.8 49. 8 56. 72
1 . Depth of 
a n a ly s is ,  in ft.
2. T o ta l d isso lv ed  
so lid s ,  in g/1. 
O ther con s tituen ts  
in m g/1.
V ar. DA PH Na K
C o rre la t io n  M a tr ix  
Ca Mg S r Ba Cl h c o 3 S° 4 TDS
DA 1.000 -0 .4 9 3 0. 332 0. 391 0 .408 0. 286 0. 400 -0 .2 3 7 0. 400 -0 .2 9 4 0. 384 0. 398
PH -0 .4 9 3 1. 000 -0 .3 8 7 -0 .43 1 -0 .6 4 7 -0. 397 -0 . 565 0. 151 -0 . 524 0. 530 -0 .3 5 4 -0 .5 2 0
Na 0. 332 -0 .3 8 7 1. 000 0. 786 0. 536 0. 471 0. 507 0. 141 0. 955 -0 .3 1 9 0. 135 0. 957
K 0. 391 -0 .431 0. 786 1. 000 0. 642 0. 401 0. 718 0. 136 0. 826 -0 . 224 0. 137 0. 827
Ca 0. 408 -0. 647 0. 536 0. 642 1. 000 0. 556 0. 870 -0 .1 5 0 0. 760 -0 .3 8 6 0. 456 0. 755
Mg 0. 286 -0 .3 9 7 0. 471 0. 401 0. 556 1. 000 0. 441 -0. 020 0 . 591 -0 . 333 0. 105 0. 581
Sr 0 .400 -0 . 565 0. 507 0. 718 0. 870 0. 441 1. 000 0. 025 0. 693 -0 . 324 0. 287 0. 690
Ba -0 .2 3 7 0. 151 0. 141 0. 136 -0. 150 -0. 020 0. 025 1. 000 0. 060 -0 . 045 -0 . 351 0. 061
Cl 0 .400 -0 . 524 0. 955 0. 826 0. 760 0. 591 0. 693 0. 060 1. 000 -0 . 388 0. 250 0. 999
HCO3-O. 294 0. 530 -0 .3 1 9 -0 . 224 -0 .3 8 6 -0 .3 3 3 -0 .3 2 4 -0 .0 4 5 -0 .3 8 8 1. 000 -0 . 081 -0. 380
so 4 0. 384 -0 .3 5 4 0. 135 0. 137 0. 456 0. 105 0. 287 -0 .351 0. 250 -0 . 081 1. 000 0. 252
TDS 0. 398 -0 . 520 0 .957 0. 827 0. 755 0. 581 0. 690 0. 061 0. 999 -0 .3 8 0 0. 252 1. 000
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P la te  1
T he Salt
F ig u re  1. E u h e d ra l  h a l i te  c r y s ta l  i l l u s t r a t in g  p e r f e c t  cubic  c leav ag e  
and  n u m e ro u s  in c lu s io n s .  AEC sa l t  c o re ,  T a tu m  Dom e, 
M is s i s s ip p i ,  1847 fee t .  O p tica l m ic r o g ra p h ,  p lan e  p o la r iz e d  
l ig h t .
F ig u re  2. T h in - s e c t io n  of sa l t  showing th a t  the in c lu s io n s  o c cu r
w ith in  the  ind iv id ua l  c r y s t a l s ,  a p p a re n t ly  in m uch  the  sa m e  
r e la t io n s h ip  a s  w hen o r ig in a l ly  p re c ip i ta te d .  The inc luded  
a n h y d r i te  c r y s t a l s  a r e  !'s te m -s h a p e d " .  AEC sa l t  c o re ,  T a tu m  
D om e, M is s i s s ip p i ,  151.3 fee t .  O ptica l m ic r o g r a p h ,  n ico l  





P la te  2
The Salt
F ig u re  1. W a te r - in s o lu b le  r e s id u e ,  Belle  Is le  Dom e, L o u is ia n a .
Sam ple  f r o m  d a rk  band in R ocm  6. A nhy drite  c r y s t a l s  d isp H y  
s l ig h t  d is so lu t io n  f e a tu r e s .  Scanning  e le c t r o n  m ic ro g ra p h .
F ig u re  2. W a te r - in s o lu b le  r e s id u e ,  " h y d ro c a rb o n  zo n e" , B elle  Is le  
D om e, L o u is ia n a .  T his  zone h a s  a  high c o n c e n tra t io n  of 
do lom ite  (d) and q u a r tz  c r y s t a l s  a s s o c ia t e d  w ith  so lu t io n -w o rn  
a n h y d r i te  and  so lid  h y d ro c a rb o n  m a te r i a l .  The m in e r a l s  w e re  
p ro b a b ly  once at the s a l t - s e d im e n t  in te r f a c e  and b e c a m e  
in c o r p o r a te d  in the m a s s iv e  s a l t  d u rin g  l a t e r  u p w ard  m o v e ­
m en t of the dom e. Scanning e le c t ro n  m ic ro g ra p h .
F ig u re  3. W a te r - in s o lu b le  r e s id u e ,  Cote B lanch D om e, L o u is ia n a .  
A nhy drite  c r y s t a l s .  Scanning e le c t r o n  m ic r o g r a p h .
F ig u re  4. W a te r - in s o lu b le  r e s id u e ,  W eeks Is land  D om e, L o u is ia n a .
" S te m -s h a p e d "  a n h y d r i te  c r y s t a l s .  Scanning  e le c t r o n  m ic ro g ra p h .
F ig u re  5. W ate r  - in so lub le  r e s id u e ,  J e f f e r s o n  Is land  Dom e, L o u is ia n a .
" S te m -s h a p e d "  a n h y d ri te  c ry s ta l .  Scanning e le c t r o n  m ic ro g ra p h .
F ig u re  6. W a te r - in s o iu b le  r e s id u e ,  A v e ry  Is land  D om e, L o u is ia n a .
A nhy drite  c r y s t a l s  a p p e a r  to have  u n d ergon e  c o n s id e ra b le  d i s ­
so lu tio n . D o lom ite  c r y s t a l s  do not show any d is so lu t io n  f e a tu r e s .  
Scanning  e le c t r o n  m ic ro g ra p h .
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P la te  3
The Salt
F ig u re  1. W a te r - in so lu b le  r e s id u e ,  T a tum  D om e, M is s i s s ip p i .  
" S te m - s h a p e d 1' a n h y d r i te  c r y s ta l  showing c r y s ta l l i t e  
t e r m in a t io n s  (a r ro w ).  AEC w ell,  1510 fee t .  Scanning 
e le c t ro n  m ic ro g ra p h .
F ig u re  2. W a te r - in so lu b le  r e s id u e ,  Tatum  D om e, M is s i s s ip p i .
Twinned, " s t e m - s h a p e d "  anhydrite  c r y s t a l s .  AEC w ell,
1513 fee t .  O p tica l m ic ro g ra p h ,  r e f le c te d  and  p lane  
p o la r iz e d  ligh t.
F ig u re  3. W a te r - in so lu b le  r e s id u e ,  T a tu m  Dom e, M is s is s ip p i .
Unknown m a te r i a l  w hich  is  qu ite  p len tifu l  in the  re s id u e .
AEC w ell.  1847 fee t.  T r a n s m is s io n  e le c t r o n  m ic ro g ra p h .
F ig u re  4. W a te r - in so lu b le  r e s id u e ,  T a tu m  Dome, M is s is s ip p i .
Twinned d o lom ite  rhom b . AEC w ell,  1513 fee t .  Scanning 
e le c t r o n  m ic ro g ra p h .
F ig u re s  5 and  6. W a te r - in so lu b le  r e s id u e ,  T a tu m  D om e,
M is s i s s ip p i .  Double t e rm in a te d  q u a r tz  c r y s t a l s .  AEC well, 
1513 fee t .  Scanning e le c t r o n  m ic ro g ra p h s .
PLATE 3
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P la te  4
The Salt
F ig u re  1. W a te r - in s o lu b le  r e s id u e .  H ockley  D om e, T ex as .
T ab u la r  (+) and  " s t e m - s h a p e d "  (s) a n h y d r i te  c r y s t a l s .  W ell 
and  depth  unknown. Scanning e le c t ro n  m ic ro g ra p h .
F ig u r e  2. W a te r - in so lu b le  r e s id u e .  Z e c h s te in  2, G e rm a n y .
P r i s m a t i c  a n h y d r i te  c r y s t a l s .  E xac t  lo ca tio n  unknown. 
Scanning e le c t r o n  m ic ro g ra p h .
F ig u r e  3. W a te r - in so lu b le  re s id u e ,  a Nova Sco tia  D om e, C anada. 
" S te m -s h a p e d "  a n h y d r i te  c r y s t a l s .  Depth unknown.
Scanning  e le c t ro n  m ic ro g ra p h .
F ig u r e  4. W a te r - in so lu b le  r e s id u e ,  H u tch inson  bedded  s a l t ,
K a n sa s .  T a b u la r  and  p r i s m a t i c  a n h y d r i te  c r y s t a l s .
E x ac t  lo ca tio n  unknown. Scanning e le c t r o n  m ic ro g r a p h .
F ig u r e  5. W a te r - in s o lu b le  r e s id u e ,  b edded  sa l t ,  M ich igan  B as in . 
I r r e g u l a r  an d  p o s s ib ly  som ew hat d is so lv e d  anhy’d r i te  
c r y s t a l s .  W hisky Is land  M ine, In te rn a t io n a l  Salt C o rp o ra t io n .  
Scanning e le c t r o n  m ic ro g ra p h .
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P la te  5
The C ap ro ck
F ig u re  1. C o re  sa m p le ,  J e n n in g s  D om e, L o u is ia n a ,  P o l ish e d
s u r f a c e  of c a lc i te  c a p ro c k  i l lu s t r a t in g  the  rh y th m ic  banding  
w hich  is  d is t in c t iv e  of th is  l i tho logy . The banding  is  m o s t  
s u r e ly  d eve lo ped  by d if fu s io n a l  p r o c e s s e s  a s  in d ic a te d  by 
th e i r  o r ie n ta t io n  w ith  r e s p e c t  to each  o th e r .  The b ands a r e  
l im i te d  in h o r iz o n ta l  ex ten t  a s  they  t e r m in a te  e i th e r  by 
p inch ing  out o r  by t ru n c a t io n .  C a v it ie s  l in ed  w ith  d ru s y  
c a lc i te  a r e  c h a r a c t e r i s t i c  of the light b an ds  w hile  the  d a rk  
b an d s  a r e  u su a l ly  m o r e  d e n se  and  m a y  con ta in  c o n s id e ra b le  
p y r i t e  (a r ro w s ) .
F ig u re  2. C o re  sa m p le ,  M inden D om e, L o u is ia n a .  P o l ish e d  
s u r f a c e  of c a lc i te  c a p ro c k  showing how the  o r ig in a l  
banding  h a s  been  t r u n c a te d  by f r a c tu r in g  and l a t e r  f i l le d  
w ith  a c o a r s e l y - c r y s t a l l i n e  c a lc i te .  Note the  i r r e g u l a r i t i e s  
in the d a rk  b an d s .
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P L A T E  5
F ig . 2 , J cm
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P la te  6
The C ap ro ck
F ig u re  1. C o re  sa m p le ,  p o l ish ed  an d  e tc h e d  s u r f a c e ,  T a tu m  D om e. 
M is s i s s ip p i .  Cavity  in c a lc i te  c a p ro c k  con ta in ing  tw inned  
c a lc i te  c r y s t a l s .  AEC w e ll ,  974 fee t .  Scanning  e le c t r o n  
m ic r o g ra p h .
F ig u re  2. C o re  sa m p le ,  p o l ish e d  and  e tc h ed  s u r f a c e ,  T a tu m  D om e, 
M is s i s s ip p i .  A g roup  of c e le s t i t e  c r y s t a l s  r a d ia t in g  f r o m  
c a lc i te .  AEC w ell,  974 fee t .  Scanning  e le c t r o n  m ic ro g ra p h .
F ig u re  3. C ore  sa m p le ,  p o l ish e d  and  e tch ed  s u r f a c e ,  T a tu m  D om e, 
M is s i s s ip p i .  R ad ia ting  b la d e s  of c e le s t i t e  w hich  a r e  b e l ie v e d  
to  h av e  b een  c o p re c ip i ta te d  w ith  the  c a lc i te .  AEC w e ll ,  974 
fee t .  Scanning  e le c t r o n  m ic ro g ra p h .
F ig u re  4. C o re  sa m p le ,  p o l ish e d  an d  e tc h ed  s u r f a c e ,  T a tu m  D om e, 
M is s i s s ip p i .  P r i s m a t i c  c e le s t i t e  c r y s t a l  in c a lc i te  m a t r ix .  
A EC w e ll ,  1028 fee t .  Scanning  e le c t ro n  m ic r o g r a p h .
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P la te  7
The C ap ro ck
F ig u r e  1. C o re  sa m p le ,  co llod ion  r e p l i c a  of p o l ish e d  and  e tc h ed  
s u r f a c e ,  M inden D om e, L o u is ia n a .  C a lc i te  cap ro ck ;  
c o n tac t  b e tw een  ligh t b row n  ( l a r g e r  c r y s ta l s )  and  d a rk  
( s m a l l e r  c ry s ta l s )  bands. D a rk  bands co n ta in  0. 40 
p e rc e n t  su lp h u r  and  ligh t b row n  bands co n ta in  0. 18 
p e r c e n t  su lp h u r .  T h ird  o r d e r  g row th  l in e s  (a rro w ) a r e  the  
o u te r  l im i t s  of o p t ic a l  con tinu ity . Jo n e s  no. 1 w e ll,  1185 
fee t .  O p tica l m ic ro g ra p h ,  p lane  p o la r iz e d  light.
F ig u re  2. C ore  s a m p le ,  p o l ish e d  and e tc h ed  s u r f a c e ,  M inden Dom e, 
L o u is ia n a .  C a lc ite  c ap ro ck ;  rh o m b ic  c r y s t a l s  in cav ity  
i l lu s t r a t in g  th i r d  o r d e r  g row th  l in e s(3 ) .  Jo n e s  no. 1 w ell,
1185 fee t .  Scanning e le c t ro n  m ic ro g ra p h .
F ig u re  3. C o re  sa m p le ,  co llod ion  r e p l ic a  of p o l is h e d  and e tc h ed  
s u r f a c e .  M inden Dom e, L o u is ia n a .  C a lc ite  cap ro ck ;  
b ro w n  c r y s t a l s  w ith  0. 18 p e r c e n t  su lp h u r  and  n u m e ro u s  
se co n d  o r d e r  g row th  l in e s  (a r ro w ) .  Jo n e s  no. 1 w ell.
1202 fee t .  O ptica l m ic ro g ra p h ,  p lane  p o la r iz e d  ligh t.
F ig u r e  4. C ore  sa m p le ,  f r a c t u r e d  s u r f a c e ,  M inden D om e, L o u is ia n a .  
C a lc ite  c a p ro c k  w ith  0. 18 p e r c e n t  su lp h u r .  Second o r d e r  
g ro w th  l in e s  a r e  n o r m a l  to the  d i r e c t io n  of c r y s t a l  g row th . 
V a r ia b le  spacing  b e tw een  g row th  l in e s  p ro b a b ly  in d ica te  
d if fe r in g  d u ra t io n s  of p re c ip i ta t io n .  Jo n e s  no. 1 well,
1202 fee t .  Scanning e le c t r o n  m ic ro g ra p h .
F ig u re  5. C o re  s a m p le ,  c a rb o n  r e p l i c a  of p o l is h e d  and  e tch ed  su r fa c e .  
M inden Dom e, L o u is ia n a .  C a lc ite  c a p ro c k  with 0. 18 p e rc e n t  
su lp h u r .  Ind iv idual sc a le n o h e d ro n s  sh a r in g  the sa m e  c r y s t a l -  
lo g ra p h ic  o r ie n ta t io n .  F i r s t  o r d e r  g row th  l in e s  a r e  s o m e ­
w hat i r r e g u l a r  but t r e n d  in a  N E-SW  d i r e c t io n .  Jo n e s  no. 1 
w e ll ,  1202 fee t .  T r a n s m is s io n  e le c t ro n  m ic ro g ra p h .
F ig u r e  6. C o re  sa m p le ,  c a rb o n  r e p l ic a  of p o l is h e d  and  e tc h ed  su r fa c e .  
M inden  D om e, L o u is ia n a .  C a lc ite  c a p ro c k  w ith  0. 18 p e rc e n t  
su lp h u r .  The su lp h u r(s )  is  found a s  an  e x te r n a l  im p u r i ty  s u r ­
round ing  the  s c a le n o h e d ro n  c r y s ta l l i t e .  Jo n e s  no. 1 w ell,
1202 fee t .  T r a n s m is s io n  e le c t r o n  m ic r o g r a p h .
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P la te  8
The C ap ro ck
F ig u r e  1. C o re  s a m p le ,  co llo id ion  r e p l i c a  of p o l is h e d  and  e tc h ed  
s u r f a c e ,  M inden D om e, L o u is ia n a .  C a lc ite  c a p ro c k ;  no 
su lp h u r  d e te c te d ,  l a r g e  w h ite ,  b lad ed  c r y s t a l s .  The d a rk  
l in e s  a r e  f r a c t u r e s  w ith  a p p a re n t  s e c o n d a ry  r e c r y s t a l ­
l iz a t io n .  No grow th  l in e s  a r e  ev iden t. Jo n e s  no. 1 w ell,
1248 fee t .  O p tica l m ic ro g ra p h ,  p lan e  p o la r iz e d  ligh t.
F ig u re  2. C o re  s a m p le ,  c a rb o n  r e p l i c a  of p o l ish e d  and  e tc h ed
s u r f a c e ,  M inden Dom e, L o u is ia n a .  C a lc i te  c a p ro c k  with no 
su lp h u r  d e te c te d .  F i r s t  o r d e r  g row th  l in e s  t re n d in g  NE-SW  
(a r ro w )  be tw een  rh o m b ic  c r y s t a l l i t e s .  J o n e s  no.. 1 w e ll,
1248 fee t .  T r a n s m is s io n  e le c t r o n  m ic r o g r a p h .
F ig u r e  3. C o re  sa m p le ,  c a rb o n  r e p l i c a  of p o l is h e d  and  e tc h ed
s u r f a c e ,  M inden D om e, L o u is ia n a .  E n la rg e d  view  of above 
F ig u r e  i l lu s t r a t in g  a  f i r s t  o r d e r  g row th  l in e . T r a n s m is s io n  
e le c t r o n  m ic r o g ra p h .
F ig u re  4. C o re  s a m p le ,  f r a c tu r e d  s u r f a c e ,  M inden D om e, L o u is ia n a .  
C a lc i te  c a p ro c k  w ith  0. 08 p e rc e n t  su lp h u r .  The f a i r ly  l a r g e  
c r y s t a l s  a p p e a r  to  be a com bina tion  of r h o m b o h e d ra l  and 
s c a le n o n e d ra l  f o r m s .  Jo n e s  no. 1 w e ll,  1264 fee t .  Scanning 
e le c t r o n  m ic r o g r a p h .
F ig u r e  5. C o re  s a m p le ,  co llo id ion  r e p l i c a  of p o l is h e d  and  e tch ed  
s u r f a c e ,  M inden D om e, L o u is ia n a .  C a lc ite  c a p ro c k  co n ­
ta in in g  0. 08 p e rc e n t  su lp h u r  showing secon d  o r d e r  grow th  
l in e s  in b lad e d  c r y s t a l s .  T he  d e c r e a s in g  f r e q u e n c y  of g row th  
l in e s  to w a rd  the r ig h t  of the  photo  m a y  in d ic a te  a  d e c re a s in g  
a m o u n t of im p u r i ty  (sulphur^ p r e s e n t  d u r in g  p r e c ip i ta t io n .
J o n e s  no. 1 w e ll ,  1264 fee t .  O ptica l m ic r o g r a p h ,  p lane  
p o la r i z e d  l igh t.
F ig u r e  6. C o re  s a m p le ,  c a rb o n  r e p l i c a  of p o l ish e d  a n d  e tc h e d  s u r f a c e ,  
M inden  D om e, L o u is ia n a .  C a lc ite  c a p ro c k  con ta in ing  0. 08 
p e r c e n t  su lp h u r .  E n la rg e d  view  of seco n d  o r d e r  g row th  l in e s  
( a r ro w s ) .  Jo n e s  no. 1 w e ll ,  1264 fee t .  T r a n s m is s io n  




P la te  9
The C a p rc c k
F ig u r e  1. C o re  sa m p le ,  co llo id ion  r e p l ic a  of p o l is h e d  an d  e tc h ed
s u r f a c e ,  M inden D om e, L o u is ia n a . C a lc ite  c ap ro ck  con ta in ing  
0. 40 p e rc e n t  su lp h u r .  N u m e ro u s  secon d  and  th i r d  o r d e r  g row th  
l in e s .  Jor.es no. 1 w e ll ,  1285 fee t .  O p tica l m ic r o g r a p h ,  p lane  
p o la r i z e d  ligh t.
F ig u r e  2. C o re  s a m p le ,  f r a c t u r e  s u r f a c e ,  M inden D om e, L o u is ia n a .  
C a lc ite  c a p ro c k  w ith 0. 40 p e rc e n t  su lp h u r .  Second  o r d e r  
g row th  l in e s  r e s u l t in g  in a  "p la ty "  s t r u c tu r e  in a s ing le  c ry s ta l .  
Jo n e s  no. 1 w e ll,  1285 fee t .  Scanning e le c t ro n  m ic ro g ra p h .
F ig u r e  3. E n la rg e d  view  of above  photo  showing how the " p la te s "  a r e  
s e p a r a te d  by second  o r d e r  g row th  l in e s .  Scanning  e le c t r o n  
m ic r o g r a p h .
F ig u r e  4. C o re  sa m p le ,  co llo id ion  r e p l i c a  of p o l is h e d  and  e tch ed  
s u r f a c e ,  M inden D om e, L o u is ia n a .  In d is t in c t  b o u n d a ry  
be tw een  c a lc i te  con ta in ing  0 .4 0  p e rc e n t  su lp h u r  I .  00 p e rc e n t  
su lp h u r  ( s m a l l e r  c ry s ta l s ) .  Note the  h igh  f re q u e n c y  of second  
o r d e r  g row th  l in e s .  Jo n e s  no. 1 w ell,  1290 fee t .  O p tica l 
m ic r o g r a p h ,  p lan e  p o la r iz e d  ligh t.
F ig u r e  5. C o re  s a m p le ,  f r a c tu r e d  s u r f a c e ,  M inden D om e, L o u is ia n a .
C a lc i te  c a p ro c k  con ta in ing  1 .0 0  p e rc e n t  su lp h u r .  The dom inant 
h a b it  of the s m a l l e r  c r y s t a l s  is  rh o m b o h e d ra l .  J o n e s  no. 1 w ell,  
1290 fee t .  Scanning e le c t r o n  m ic ro g ra p h .
F ig u r e  6. C o re  sa m p le ,  c a rb o n  re p l ic a  of p o l ish e d  and  e tc h ed  s u r fa c e ,  
M inden D om e, L o u is ia n a .  C a lc i te  c a p ro c k  w ith  1. 00 p e rc e n t  
su lp h u r .  Ind iv idua l c r y s t a l l i t e s  s e p a ra te d  by f i r s t  o r d e r  g row th  
l in e s  w hich  t r e n d  in a NE-SW  d i r e c t io n  (a r ro w ) .  Jo n e s  no. 1 
w e ll ,  1290 fee t .  T r a n s m is s io n  e le c t r o n  m ic r o g r a p h .
F ig u r e  7. E n la r g e d  view  of F ig u r e  b showing a  c r y s t a l l i t e  s u r ro u n d e d  
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The C ap ro ck
F ig u re  1. C o re  sa m p le ,  f r a c tu r e d  s u r f a c e ,  U tica  D om e, M is s i s s ip p i .  
C a lc ite  c a p ro c k ;  seco nd  o r d e r  g row th  l in e s  a p p e a r in g  a s  
" s t e p s ” in  f r a c tu r e d  c r y s t a l .  L ee  L it t le  no . 1 w e l l ,  1765 
fe e t .  Scanning e le c t ro n  m ic r o g r a p h .
F ig u r e  2. C o re  sa m p le ,  f r a c tu r e d  s u r f a c e ,  U tica  D om e, M is s i s s ip p i .  
C a lc ite  c ap ro ck ;  the  do lom ite  rh o m b  (d) a p p e a r s  to be of the 
sa m e  age  a s  the c a lc i te  s in c e  no r e p la c e m e n t  f e a tu r e s  can  be 
no ted . Lee L it t le  no. 1 w e ll ,  2765. Scanning e le c t r o n  m i c r o ­
g rap h .
F ig u r e  3. C o re  sa m p le ,  th in - s e c t io n ,  A llen  D om e, T e x a s .  C a lc ite  
c a p ro c k  w hich h a s  been  h igh ly  d e fo rm e d .  A m in im u m  of 
e ig h t m ic r o f a u l t s  c an  be o b s e rv e d  in  the  photo . The v e ry  d a rk  
m a t e r i a l  i s  m y lo n ite  w hich  w as  p ro b a b ly  p ro d u c e d  d u r in g  the 
fau lt in g . F r a c t u r e s  have  been  r e c e m e n te d  by s e c o n d a ry  c a lc i te .  
The w hite  sp e c s  d i s p e r s e d  in  th e  fine  m a t e r i a l  a r e  c la s t ic  g ra in s .  
F .  S. Co. w e ll  no. 7, 952 fee t .  T r a n s m i t t e d  l igh t .
F ig u r e  4. E n la rg e d  view  of one of the  m a n y  m ic r o f a u l t s  in  F ig u r e  3.
The fa u l te d  f ib ro u s  m a te r i a l  is  m y lo n ite  p a r t i a l l y  r e p la c e d  by 
c a lc i te .  Some f r a c tu r in g  h a s  o c c u re d  s in c e  the  l a s t  r e c e m e n t in g  
g e n e ra t io n .  O p tica l m ic r o g ra p h ,  c r o s s e d  n ic o ls .
F ig u r e  5. C o re  sa m p le ,  th in - s e c t io n ,  A llen  D om e, T e x a s .  D olom ite
(d) in  c a lc i te  c a p ro c k  which a p p e a r s  to be e p ig e n e t ic  and  re p la c in g  
the  c a lc i te .  F .  S. Co. w ell no. 7, 955 fee t .  O p tica l  m ic r o g r a p h ,  
p lan e  p o la r iz e d  ligh t.
F ig u r e  6. C o re  s a m p le ,  th in - s e c t io n ,  A llen  D om e, T e x a s .  S h e a re d  
and  p a r t i a l l y  m y lo n ized  c a lc i te  c a p ro c k .  The tw inning i s  c o m ­
m on  to  s h e a r  zones  and m a y  in d ic a te  the  a m o u n t  and  d i r e c t io n  
of r e la t iv e  fo rc e  involved  in  the  sh e a r in g .  F .  S. Co. w e ll  no. 7, 
956 fe e t .  O p tica l  m ic ro g ra p h ,  p lan e  p o la r iz e d  l igh t.
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The C a p ro c k
F ig u r e  1. C o re  s a m p le ,  th in - s e c t io n ,  A llen  D om e, T e x a s .
B re c c ia te d  san d y  c a lc i te  c a p ro c k  w ith  a  m in im u m  of th r e e  
g e n e ra t io n s  of c a lc i te .  No. 1 i s  th e  o ld e s t  g e n e ra t io n  a n d  is  
p ro b a b ly  the  o r ig in a l  m a t r ix .  No. 2 g e n e ra t io n  i s  both o ld e r  
and  y ou n g e r  than  No. 3 s in c e  th is  i s  the r e c r y s t a l l i z e d  c a lc i te .  
G e n e ra t io n  No. 3, w hich is  the c o a r s e s t ,  i s  the  r e c e m e n t in g  
c a lc i te  a f te r  f r a c tu r in g  o c c u r r e d .  F .  S. Co. w e ll  no . 7, 952 
fe e t .  O p tica l  m ic r o g ra p h ,  c r o s s e d  n ic o ls .
F ig u r e  2. C o re  s a m p le ,  th in - s e c t io n ,  A llen  D om e, T e x a s .
B re c c ia te d  c a lc i te  c a p ro c k  co n ta in ing  m a n y  c la s t i c  g ra in s  
b e tw een  c l a s t s .  D olom ite  rh o m b  (left, d) h a s  a h a lo  of r e c r y t t a l -  
l iz e d  c a lc i te .  F .  S. Co. w e ll  no. 7, 956 fee t .  O p tica l  m i c r o ­
g ra p h ,  c r o s s e d  n ic o ls .
F ig u r e  3. C o re  s a m p le ,  th in - s e c t io n ,  B ru in sb u rg  D om e, M is s i s s ip p i .
S hea r  zone in  c a lc i te  c a p ro c k  con ta in ing  m a n y  d o lo m ite  rh o m b s  
and  q u a r tz  c r y s t a l s .  On e i th e r  s ide  of th is  zone the ro c k  h a s  
b e en  h ig h ly  m y lo n iz e d  and c o n s i s t s  of a  f ine  m y lo n ite  m e a l .  F .
S. Co. H a m m e tt  no. 2 w e ll ,  2000 fe e t .  O p tica l m ic ro g r a p h ,  
c r o s s e d  n ic o ls .
F i g u r e  4. C o re  s a m p le ,  th in - s e c t io n ,  B lack  Bayou Dom e, L o u is ia n a .
D e fo rm a tio n  of c a lc i te  c a p ro c k  r e s u l t in g  in  m ic ro fo ld in g .  F .  S. 
Co. W atkins no. 5 w e ll ,  1390 fe e t .  O p tica l m ic r o g r a p h ,  c r o s s e d  
n ic o ls .
F i g u r e  5. C o re  sa m p le  th in - s e c t io n ,  B lack  Bayou D om e, L o u is ia n a .  
E u h e d ra l  p y r i t e  c r y s t a l s  of the  sa m e  age  a s  the r e c e m e n t in g  
c a lc i te .  F .  S. Co. W atkins no . 5 w e ll ,  1405 fe e t .  O p tica l 
m ic r o g r a p h ,  c r o s s e d  n ic o ls  and  r e f l e c t e d  ligh t.
F i g u r e  6. C o re  s a m p le ,  B lack  Bayou D om e, L o u is ia n a .  P o l i s h e d  
s u r f a c e  of c a lc i te  c a p ro c k .  C a lc ite  c r y s t a l s  (upper) l in ing  
one s ide  o f c a v i ty  and  p y r i te  c r y s t a l s  lin ing  the  o th e r  s id e .
P y r i t e  i s  the  sa m e  age  o r  p o s s ib ly  younger th an  the c a lc i te .
F .  S. Co. W atk ins no. 5 w e ll ,  1405 fe e t .  O p tica l  m ic r o g r a p h ,  
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The C a p ro ck
F ig u r e  1. C o re  s a m p le ,  th in - s e c t io n ,  O ak ley  Dom e, M is s i s s ip p i .
O rg a n ic  s ta in e d  c e le s t i t e  a d ja c e n t  to c a lc i te  r e c e m e n te d  
f r a c t u r e  in d ic a t in g  h y d ro c a rb o n  m o v e m e n t  p r i o r  to 
r e c e m e n ta t io n .  B lanco  and  F a i r c h i ld  no. 1 Shuff, 2324 fee t .  
O p tica l m ic r o g r a p h ,  c r o s s e d  n ic o ls .
F ig u r e  2. C o re  s a m p le ,  th in  -sec tio n , C le m e n s  D om e, M is s i s s ip p i .
A l te rn a t in g  bands of c e le s t i t e  (upper and  lo w e r  p o r t io n s )  and  
c a lc i te  ( c e n t ra l  p o r t io n )  w hich  have  b e en  f r a c t u r e d ,  r e  c em en ted  
by  c a lc i te  and  f r a c t u r e d  ag a in . T. S. S. Co. P r o e b s t l e  no. 3 
w e l l ,  828 fe e t .  O p tica l  m ic r o g r a p h ,  c r o s s e d  n ic o ls .
F ig u r e  3. C o re  s a m p le ,  t h in - s e c t io n ,  K ings D om e, M is s i s s ip p i .
C e le s t i te  c a p ro c k ;  the c e le s t i t e  ( •) i s  f ib ro u s  in  habit, and  f o r m s  
th e  m a t r i x  of the  ro c k  in  w hich  d o lom ite  rh o m b s  (d) a r e  d i s p e r s e d .  
H a ll  no. 1 w e ll ,  3761 fee t .  O p tica l m ic r o g r a p h ,  c r o s s e d  n ic o ls .
F ig u r e  4. C o re  s a m p le ,  f r a c t u r e d  s u r f a c e ,  K ings D om e, M is s i s s ip p i .
C e le s t i te  c a p ro c k .  H a ll  no. 1 w e ll ,  3691 f e e t .  Scanning e le c t r o n  
m ic r o g r a p h .
F ig u r e  5. C o re  sa m p le ,  th in - s e c t io n ,  U tica  D om e, M is s i s s ip p i .  R a d ia l  
c lu s t e r s  of b laded  c e le s t i t e .  Som e of the  c e l e s t i t e  h a s  been 
p a r t i a l l y  r e p la c e d  by  calcite.. L ee  L it t le  no . 1 w ell,  2795 fe e t .  
O p tica l  m ic ro g r a p h ,  c r o s s e d  n iu o ls .
F ig u r e  6. C o re  s a m p le ,  th in - s e c t io n ,  U tica  D om e, M is s i s s ip p i .
B anded  c e le s t i t e  and  c a lc i te  c a p ro c k  w hich  h a s  been  s l ig h t ly  
f r a c t u r e d  and  r e c e m e n te d  by c a lc i te .  The m a t r i x  in th is  p o r t io n  
of the  th in  - s e c t io n  i s  d o m in a n tly  b laded  c e l e s t i t e .  L ee  L i t t le  
no. 1 w e l l ,  280.5 fe e t .  O p tica l  m ic r o g r a p h ,  c r o s s e d  n ic o ls .
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P la te  13
T h e  C a p ro c k
F ig u re  1. C o re  s a m p le ,  th in  se c t io n ,  A llen  D om e, T e x a s .  C a lc ite  
c a p ro c k ;  b a r i t e  (b) w hich  o r ig in a l ly  r e p la c e d  c a lc i te  is  now 
p a r t i a l l y  being r e p la c e d  by  c a lc i t e .  F .  S. Co. no. 7 w e ll,
948 fe e t .  O p tica l  m ic r o g r a p h ,  c r o s s e d  n ic o ls .
F ig u r e  2. C o re  sa m p le ,  p o l ish e d  and e tc h ed  s u r f a c e ,  M inden D om e, 
L o u is ia n a .  C a lc i te  c a p ro c k ;  b a r i t e  cu tting  a c r o s s  g row th  
l in e s  w hich  in d ic a te s  th a t  i t  h as  r e p la c e d  c a lc i te .  Jo n e s  no. 1 
w e ll ,  1284 fee t .  Scanning e le c t ro n  m ic r o g r a p h .
F ig u re  3. C o re  s a m p le ,  p o l ish e d  and  e tch ed  s u r f a c e ,  M inden  D om e, 
L o u is ia n a .  C a lc ite  c ap ro ck ;  b a r i t e  c o n te m p o ra n e o u s ly  
p r e c ip i t a te d  w ith  c a lc i te  a s  in d ic a te d  by th e  b a r i t e  be ing  a long  
g ro w th  l in e s  and the  la c k  of r e p la c e m e n t  f e a tu r e s .  Jo n es  no. 1 
w e l l ,  1185 fee t .  Scanning e le c t r o n  m ic r o g r a p h .
F ig u r e  4. E n la rg e d  v iew  of above photo  showing th e  m o rp h o lo g y  of the  
b a r i t e .  Scanning e le c t r o n  m ic r o g r a p h .
P L A T E  13
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P la te  14 
T h e  C a p ro ck  
A c id -In  so lub le  R e s id u e  of C a lc ite  C a p ro ck
F ig u r e  1. L ak e  W ash ing ton  D om e, L o u is ia n a .  Q u a r tz  r o s e t t e  w ith  
d a rk  n u c le i .  F . S. Co. no. 879 w e ll ,  1450 fee t .  O p tica l 
m ic r o g r a p h ,  low index  o il, p lan e  p o la r iz e d  l ig h t .
F ig u r e  2. L ake  W ashing ton  D om e, L o u is ia n a .  T a b u la r  b a r i t e  c r y s t a l  
w ith  a n h y d r i te  in c lu s io n s .  F .  S. Co. no. 879 w ell,  1450 fee t .  
O p tica l  m ic ro g ra p h ,  p lan e  p o la r iz e d  ligh t.
F ig u re  3. B lack  Bayou D om e, L o u is ia n a .  B a r i te  r o s e t te .  F .  S. Co.
W atkins no . 5 w e ll ,  1400 fe e t .  O p tica l  m ic r o g r a p h ,  p lan e  
p o la r iz e d  l ig h t .
F ig u re  4. B lack  Bayou D om e, L o u is ia n a .  R ad ia ting  c lu s te r  of
p y r i to h e d ro n s .  F .  S. Co. W atk ins no. 5 w e ll ,  1400 fee t .  
O p tica l  m ic r o g ra p h ,  r e f le c te d  l ig h t .
F ig u r e  5. B lack  Bayou D om e, L o u is ia n a .  Doubly t e r m in a te d  q u a r tz  
c r y s t a l .  F .  S. Co. W atkins no. 5 w e ll,  1389 fe e t .  O p tica l  
m ic r o g r a p h ,  low in d ex  o il, p lan e  p o la r iz e d  l igh t.
F ig u r e  6. B lack  Bayou D om e, L o u is ia n a .  C om p lex ly  tw inned
a n h y d r i te  c r y s t a l .  F .  S. Co. W atk ins no . 5 w e ll ,  1389 fee t .  
O p tica l  m ic r o g r a p h ,  low  in dex  o il,  p lan e  p o la r i z e d  l igh t.
F ig u re  7. B lack  Bayou D om e, L o u is ia n a .  R ad ia ting  c lu s te r  of
a m o rp h o u s  su lp h u r .  F .  S. Co. W atkins no. 5 w e ll ,  1389 fe e t .  
O p tica l  m ic r o g r a p h ,  low  ind ex  o il ,  r e f le c te d  and p lan e  
p o la r iz e d  l igh t .
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P la te  15
T he  C a p ro ck
F ig u r e  1. C o re  s a m p le ,  th in - s e c t io n ,  A llen  D om e, T e x a s .
P h o to g ra p h  of e n t i r e  th in - s e c t io n  of im p u r e  (m any c la s t ic  
g ra in s )  g y p su m  c a p ro c k .  An in d is t in c t  m ic r o f a u l t  t r a v e r s e s  
th e  e n t i r e  s e c t io n  v e r t i c a l ly  in  the  c e n te r  of th e  photo . Some 
m y lo n iz a t io n  and a  g re a t  d e a l  of " r o c k  flow age"  can  be 
o b s e rv e d .  F .  S. Co. no. 1 w e ll ,  929 fee t .  T r a n s m i t t e d  l igh t.
F ig u r e  2. C o re  s a m p le ,  th in - s e c t io n ,  A llen  D om e, T e x a s .  S ligh tly
m y lo n iz e d  gy psum  c a p ro c k  con ta in ing  f ib ro u s  g y p su m  cem en tin g  
c l a s t i c  g r a in s  in  f r a c t u r e .  F .  S. Co. no. 1 w e ll ,  998 fee t .  
O p tica l  m ic ro g r a p h ,  c r o s s e d  n ic o ls .
F ig u r e  3. C o re  s a m p le ,  th in - s e c t io n ,  A llen  D om e, T e x a s .  S h e a r
zone in  g y p su m  c a p ro c k  w ith  f r a c tu r in g  th ro u g h  c o a r s e  c a rb o n a te  
c r y s t a l .  C r ic u la t in g  w a te r s  in th e  f r a c t u r e  h as  p ro b a b ly  r e s u l te d  
in  i t s  p a r t i a l  d is so lu t io n .  F .  S. Co. no. 1 w e ll ,  998 fee t .
O p tica l  m ic r o g r a p h ,  c r o s s e d  n ic o ls .
F ig u r e  4. C o re  s a m p le ,  th in - s e c t io n ,  A llen  D om e, T e x a s .  S h e a re d
g y p su m  w h ich  h a s  b een  p a r t i a l l y  r e p la c e d  by c a lc i t e .  D a rk  a r e a  
in  c a rb o n a te  c r y s t a l  i s  a  void . F .  S. Co. no. I w e l l ,  1069 fee t .  




P la te  16
T h e  C ap ro ck
F ig u r e  1. C o re  s a m p le ,  t h in - s e c t io n ,  A llen  D om e, T e x a s .
D o lo m ite  rh o m b  in  gy p su m  c a p ro c k .  T he  rh o m b  h a s  a  c a lc i te  
enve lope  su r ro u n d in g  it  and  a n u c le u s  of a l igh t  c o lo re d  
opaque  m a t e r i a l .  T h is  d o lo m ite  m a y  be sy n g en e tic  w ith  th e  
g y p su m . F .  S. Co. no. 1 w e ll ,  1069 fee t .  O p tica l m ic r o g r a p h ,  
c r o s s e d  n ic o ls .
F ig u r e  2. C o re  s a m p le ,  th in - s e c t io n ,  A llen  D om e, T e x a s .  C o a r s e  
c a rb o n a te  c r y s t a l  in  g y p su m  c a p ro c k .  T he  d a rk  n u c le u s  m a y  
h av e  b e e n  d e r iv e d  f ro m  o rg a n ic  m a t t e r .  F .  S. Co. no. 1 w ell,  
921 f e e t .  O p tica l m ic ro g r a p h ,  c r o s s e d  n ic o ls .
F ig u r e  3. Sodium  th io s u lp h a te - in s o lu b le  r e s id u e ,  A llen  D om e, T e x a s .  
C o a r s e  c a lc i te  c r y s t a l  f r o m  the  sa m e  in te r v a l  a s  above F ig u re  
show ing th e  d a rk  n u c le u s .  O p tica l m ic r o g r a p h ,  low  in dex  o il,  
p la n e  p o la r i z e d  l ig h t .
F ig u r e  4 . C o re  s a m p le ,  t h in - s e c t io n ,  A llen  D om e, T e x a s .  A ra g o n ite  
w h ich  h a s  p a r t i a l l y  a l t e r e d  to  c a lc i te  in  g y p su m  c a p ro c k .  F .  S. 
Co. w e l l  no . 1, 998 fee t .  O p tica l m ic r o g r a p h ,  p lan e  p o la r iz e d
l ig h t .
F ig u r e  5. C o re  sa m p le ,  th in - s e c t io n ,  A llen  D om e, T e x a s .  B a r i t e  in 
g y p su m  c a p ro c k .  No r e p la c e m e n t  f e a tu r e s  w e re  no ted . F .  S. 
C o. no. 1 w e ll ,  998 fe e t .  O p tica l  m ic r o g r a p h ,  p lan e  p o la r iz e d  
l ig h t .
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P la te  17 
T h e  C a p ro c k
F ig u re  1. C o re  sa m p le ,  L ak e  W ash ing ton  D om e, L o u is ia n a .
G ypsum  c a p ro c k  in su lp h u r  o r e  zone. T h is  s a m p le  con ta in s  
about 20 p e rc e n t  of o r th o rh o m ib ic  su lp h u r  c r y s t a l s  (S).
G ypsum  c r y s ta l s  (G) a v e ra g e  about 6 m m . in  t h e i r  long 
d im e n s io n .  T he su lp h u r  i s  l a r g e ly  in  c a v i t ie s  a lthough  a 
s m a l l e r  p e rc e n ta g e  is  a long g ra in  b o u n d a r ie s .  F .  S. Co. , 
w e ll  and  dep th  unknown.
F ig u r e  2. C o re  sa m p le ,  M inden D om e, L o u is ia n a .  G ra d a t io n a l  co n tac t  
b e tw een  c a lc i te  c a p ro c k  and ov e rly in g  c la y e y  s e d im e n ts .  T he  
s e d im e n t  show a h igh  d e g re e  of r e p la c e m e n t  by  th e  p r i m a r y  
f in e - g r a in e d  c a lc i te .  S eco n d ary  c a lc i te  (white, c o a r s e  c ry s ta l s )  
p e n e t r a t e s  the  se d im e n ts  fo r  an u n d e te rm in e d  d is ta n c e .
T a y lo r  (1938) s ta te d  " th a t  the  to p  of th e  c a p ro c k  o ften  m u s t  be 
e s t im a te d  b e c a u s e  of th e  fa ls e  c a p ro c k  w h ich  g ra d e s  into  i t " ,  
a s  i s  c l e a r ly  shown in th is  pho to . Jo n e s  no. 1 w e ll,  1160 fee t .
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P la te  18
The C ap ro ck
F ig u r e  1. C o re  s a m p le ,  th in - s e c t io n ,  M inden D om e, L o u is ia n a .
M a ss iv e  a n h y d r i te  c a p ro c k  in  w hich  the  c r y s t a l s  f o r m  an  
in te r lo c k in g  m o s a ic ,  r e s u l t in g  in  low p o ro s i ty ,  a n d  exh ib iting  
a  s l ig h t  p r e f e r r e d  o r ie n ta t io n .  Jo n e s  no . 1 w e l l ,  1304 fe e t .  
O p tica l m ic ro g ra p h ,  c r o s s e d  n ic o ls .
F ig u re  2. C o re  s a m p le ,  f r a c t u r e d  s u r f a c e ,  M inden D om e, L o u is ia n a .
A n h y d r i te  c r y s t a l  w ith  p r e c ip i t a te d  f e a t u r e s .  Jo n e s  no. 1 w ell, 
1485 fe e t .  Scanning e le c t r o n  m ic ro g r a p h .
F ig u r e  3. C o re  s a m p le ,  th in - s e c t io n ,  K ings D om e, M is s i s s ip p i .  
M a ss iv e  a n h y d r i te  c a p ro c k  w ith no a p p a r e n t  p r e f e r r e d  
o r ie n ta t io n  of c r y s t a l s .  C r y s ta l  s iz e  in  th is  one sa m p le  v a r i e s  
f r o m  0. 5 to  1 .8  m m  in  th e i r  long d im e n s io n . H a ll  no. 1 w e ll ,  
3780 fe e t .  O p tica l  m ic r o g r a p h ,  p lan e  p o la r iz e d  ligh t.
F ig u r e  4. H and sp e c im e n ,  Choctaw  D om e, L o u is ia n a .  A n h y d r i te
c r y s t a l s  b ro u g h t  up to  the s u r f a c e  by a b r in e  w e ll .  The c r y s t a l s  
w e re  le f t  on the  su r fa c e  fo r  an  u n d e te rm in e d  a m o u n t  of t im e ,  
and  have  s in c e  been  c e m e n te d  to g e th e r  by g y p su m . O p tica l  
m ic r o g r a p h ,  p lan e  p o la r i z e d  l ig h t .
F ig u r e s  5 and  6. F r a c t u r e d  s u r f a c e  of a n h y d r i te  r e s id \ ie  f r o m  the  
Choctaw  D om e, L o u is ia n a .  The c r y s t a l s  l e f t  on the  s u r f a c e  
show so m e  d is so lu t io n  f e a tu r e s  and  a r e  c e m e n te d  to g e th e r  only 
w h e re  th ey  a r e  in  c o n ta c t  w ith  eac h  o th e r .  Scanning  e le c t r o n  
m ic r o g r a p h s .
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P l a t e  19 
T he  C a p ro ck
M ic ro g ra p h s  on  th i s  P l a te  r e p r e s e n t  th e  m a s s iv e  a n h y d r i te  c a p ro c k .  
T h ey  a r e  a l l  f r a c t u r e d  s u r f a c e s  of c o r e s  f ro m  th e  T a tu m  D om e, 
M is s i s s ip p i ,  AEC w e ll .  Scanning  e le c t r o n  m ic r o g r a p h s .
F ig u r e  1. C on tac t  b e tw een  two a n h y d r i te  c r y s t a l s .  1050 fee t .
F ig u r e  2. P r e c ip i ta t io n  f e a tu r e s .  1210 fee t .
F ig u re  3. C o a le sc e n c e  of c r y s t a l s  h a s  r e s u l te d  in  f a i r l y  in d is t in c t  
b o u n d a r ie s .  1324 fe e t .
F ig u r e  4. C on tac t b e tw een  two a n h y d r i te  c r y s t a l s .  1465 fee t .
F ig u r e  5. C on tac t  b e tw een  two a n h y d r i te  c r y s t a l s .  1500 f ee t .
F ig u r e  6. F r a c t u r e d  and c ru s h e d  c o r e .  1502 fee t .
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P la te  20 
The C a p ro c k -S a l t  In te r fac e
The m o rp h o lo g ic  chan ges , w ith  depth , in the a n h y d r i te  c a p r o c k - s a l t  
in te r f a c e  zone of the T a tu m  D om e, M is s is s ip p i ,  A FC  w ell,  w e re  
e x a m in e d  in d e ta i l  with the a id  of a scann ing  e le c t ro n  m ic ro s c o p e .  The 
m a s s iv e  a n h y d ri te  g ra d e s  dow nw ard  into in c re a s in g ly  u n co n so lid a ted  
a n h y d r i te  at about a depth  of 1505 fee t,  and f in a lly  into the  sa lt  a t 1510 
fee t .  T h is  p r o g r e s s iv e  se q u en ce  is now p re s e n te d  in P la te s  20, 21 and 
2 2 .
F ig u r e s  1 and  2. 1506 fee t .  The ro c k  is  only s l ig h tly  f r ia b le ,  c r y s t a l s
show a p r i s m a t i c  habit and only p r e c ip i ta t io n  f e a tu r e s  a r e  p r e s e n t .  
F r a c t u r e d  c o re ,  scann ing  e le c t ro n  m ic ro g r a p h s .
F ig u re  3. 1507 fee t .  F r i a b le  a n h v d r i te  cap ro ck . Note l a r g e  amount, of
p o re  sp a c e  be tw een  g ra in s  and the lack  of any p r e f e r r e d  o r ien ta t io n .  
T h in - s e c t io n ,  o p tica l  m ic r o g r a p h ,  p lan e  p o la r iz e d  ligh t.
F ig u r e s  4 and  5. 150 7 fee t .  The f r ia b le  ro ck  c o n s i s t s  of " s t e m ­
sh a p ed "  a n h y d r i te  c r y s t a l s  w hich  show d is so lu t io n  f e a tu r e s .
F r a c t u r e d  c o re ,  scann ing  e le c t r o n  m ic ro g r a p h s .
F ig u re  6. 1507 fee t. D iag nostic  d is so lu t io n  f e a tu r e  r e s u l t in g  f ro m
c ry s ta l lo g ra p h ic a l iy  c o n tro l le d  so lub ili ty . F r a c t u r e d  c o re ,  scanning  
e le c t r o n  m ic ro g ra p h .
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P la te  21 
The C a p ro c k -S a l t  In te r fa c e
F ig u re  1. 1509 fee t .  U nconso lid a ted  c r y s t a l s ,  r e p r e s e n t in g  the
"a n h y d r i te  sand"  which is  c h a r a c t e r i s t i c  of th is  in te r f a c e .  
T h in - s e c t io n ,  o p tica l  m ic r o g ra p h ,  p lan e  p o la r iz e d  ligh t .
F ig u r e s  2, 3 and  4. 1509 fe e t .  The c r y s t a l s  show a  f a i r ly  h igh
d e g re e  of d is so lu t io n  and  they  a r e  a l l  of the  " s t e m - s h a p e d "  
v a r ie ty .  F r a c t u r e d  c o re ,  scann in g  e le c t ro n  m ic r o s c o p e .
F ig u re  5. 1510 fee t .  Inso lub le  r e s id u e  f ro m  th e  s a l t .  " S te m ­
shaped"  a n h y d r i te  c r y s t a l s  only, no d is so lu t io n  f e a tu r e s  
can  be no ted . 1 .0  m m . and  g r e a t e r  s iz e  c l a s s .  Scanning 
e le c t ro n  m ic ro g ra p h .
F ig u re  6. 1510 fee t .  Inso lub le  r e s id u e ,  0 .5  to 1 .0  m m . s iz e
c la s s .  Scanning e le c t ro n  m ic ro g ra p h .
PL A T E  21
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P la te  2?
T he  C a p ro c k -S a l t  In te r fa c e
F ig u re  1. 1510 fee t .  Inso lub le  r e s id u e .  0. 25 to  0 .5  m m . s iz e
c la s s .  D olom ite  rh o m b s  f i r s t  a p p e a r  in th is  s iz e  c la s s .  
Scanning  e le c t ro n  m ic ro g ra p h .
F ig u re  2. 1510 fee t .  Inso lub le  r e s id u e .  0. 125 to 0. 25 m m .
s iz e  c la s s .  Scanning e le c t r o n  m ic ro g ra p h .
F ig u re  3. i510  fee t .  Inso lub le  r e s id u e .  0 .0 6 3  to  0. 125 m m . s ize
c la s s .  Scanning e le c t ro n  m ic ro g ra p h .
F ig u r e s  4 and  5. 1510 fee t .  Inso lub le  r e s id u e .  0 .0 6 3  to  0. 125 m m .
s iz e  c la s s .  " S te m -s h a p e d "  a n h y d r i te  c r y s t a l s  w ith d iag n o s tic  
c r y s t a l l i t e  te rm in a t io n s .  Scanning  e le c t r o n  m ic r o g r a p h .
F ig u re  6. 1510 fee t .  Inso lub le  r e s id u e .  L e s s  than  0 .0 6 3  m m .
T h is  s iz e  co n ta in s ,  b e s id e s  a n h y d r i te ,  doubly  t e r m in a te d  
q u a r t z  c r y s t a l s  (Q), d o lom ite  and  p la g io c la s e  f e ld s p a r  a s  
d e te r m in e d  by x - r a y  d if f ra c t io n .  Scanning e le c t r o n  
m ic r o g ra p h .
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P la te  23
The F a ls e  C ap ro ck
F ig u re  1. C o re  sa m p le ,  th in - s e c t io n ,  B lack  Bayou Dome, 
L o u is ia n a .  C la s t ic  g ra in s  w hich have  b een  p a r t i a l ly  
to  a lm o s t  co m p le te ly  r e p la c e d  by the  c a lc i te  cem en t .
F .  S. Co. W atkins no. 5 w e ll,  1132 fee t .  O ptica l 
m ic r o g ra p h ,  c ro s s e d  n ic o ls .
F ig u re  2. C o re  s a m p le ,  th in - s e c t io n .  B lack  Bayou D om e,
L o u is ia n a .  F ib ro u s  g y p su m  (C) re p la c in g  the  c a lc i te  
c em en t  and c a lc i te  re p la c in g  the  c la s t ic  g ra in s .  F . S.
Co. W atkins no. 5 w e ll ,  1212 fee t .  O ptica l m ic ro g ra p h ,  
c r o s s e d  n ico ls .
F ig u re  3. C o re  sa m p le ,  t h in - s e c t io n ,  B lack Bayou D om e,
L o u is ia n a .  F r a c t u r e d  q u a r tz  g ra in  c em e n te d  in  c a lc i te .  
The f r a c t u r e s  have beer, h e a le d  by c a lc iu m  c a rb o n a te  
r i c h  so lu t io n s  of a l a t e r  g e n e ra t io n  than  the  cem en t.
F .  S. Co. W atkins no. 5 w ell,  1212 fee t .  O p tica l 
m ic r o g r a p h ,  c r o s s e d  n ic o ls .
F ig u re  4. C o re  sa m p le ,  th in - s e c t io n ,  B lack  Bayou D om e,
L o u is ia n a .  F ib ro u s  a n h y d r i te  (a) w hich  is  p ro bab ly  the 
s a m e  age  a s  the  cem en tin g  cu lc ite .  E u h e d ra l  q u a r tz  
c r y s t a l  (Q) is  v e ry  s i m i l a r  to  th o se  c r y s t a l s  found in the  
t r u e  c a p ro c k .  Note the  high d e g re e  of r e p la c e m e n t  of the 
e l a s t i c s  by c a lc i te .  F .  S. Co. W atkins no. 5 w e ll ,  1381 
fee t .  O p tica l m ic r o g r a p h ,  c r o s s e d  n ic o ls .
F ig u re  5. C o re  s a m p le ,  th in - s e c t io n ,  B lack  Bayou Dom e,
L o u is ia n a .  O rg an ic  m a t t e r  e n tra p p e d  d u r in g  v a r io u s  
s t a g e s  of c a lc i te  c r y s t a l  g row th . F .  S. Co. W atk ins no. 5 
w e l l ,  1103 fee t .  O p tica l m ic r o g r a p h ,  c r o s s e d  n ico ls .
F ig u re  6. C o re  s a m p le ,  th in - s e c t io n .  B lack  Bayou D om e,
L o u is ia n a .  A uth igen ic  h a l i te  (h), having  p e r f e c t  cubic 
c le av a g e ,  w hich h a s  c r y s ta l l i z e d  in a  void  in the  c a lc i te  
ce m e n t .  The m in e r a l  is  p ro b ab ly  r e s t r i c t e d  to  void 
f i l l in g  s in c e  it is  thought tha t h a l i te  does  not r e p la c e  any  of 
the  o th e r  m in e r a l s .  H a lite  is  found v e ry  r a r e l y  in th in -  
s e c t io n  due to i ts  h igh so lu b ili ty .  D a rk  a r e a s  a r e  p y r i te .
F .  S. Co. W atkins no. 5 w e ll ,  1242 fee t .  O ptica l 
m ic r o g ra p h ,  p lan e  p o la r iz e d  light.
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The F a ls e  C ap rock
F ig u re  1. C o re  sa m p le ,  th in - s e c t io n .  B lack  Bayou Dom e,
L o u is ia n a .  F ib ro u s  and  g r a n u la r  gypsu m  cem en tin g  c la s t ic  
g r a in s .  The la r g e  am ount of p y r i te  (dark) p r e s e n t  is  r e ­
p lac in g  the gy psum  to a s m a l l  d e g re e .  F . S. Co. W atkins 
no. 5 w ell,  1361 fee t .  O p tica l m ic ro g ra p h ,  c ro s s e d  n ico ls  
an d  r e f le c te d  light.
F ig u re  2. C o re  sa m p le ,  th in - s e c t io n .  B lack  Bayou Dom e,
L o u is ia n a .  P h o to g ra p h  of e n t i r e  th in - s e c t io n  showing h igh ly  
m y lo n iz ed  f r a g m e n ts  of p ro b a b le  t ru e  c a p ro c k  o r ig in .  The 
top  f ib ro u s  p o r t io n  of the  l a r g e s t  f ra g m e n t  is  a n h y d r i te  which 
h a s  been  a lm o s t  co m p le te ly  r e p la c e d  by c a lc i te .  The d a rk ,  
a lm o s t  opaque, a r e a  is  do m inan tly  r e c r y s t a l l i z e d  q u a r tz  
w ith  so m e  c a lc i te .  T r a n s m i t te d  l igh t.
F ig u re  3. C o re  sa m p le ,  th in - s e c t io n ,  A llen  D om e, T ex a s .  B oundary
be tw een  s i l ts to n e  f ra g m e n t  (r igh t)  f ro m  so m e  o th e r  p o r t io n  of 
th e  f a l s e  c a p ro c k ,  and  the p re s u m a b ly  " in  s i tu "  l a r g e r  e la s t ic s .  
R e c e m e n ta t io n  and  r e p la c e m e n t  by c a lc i te  h a s  m ad e  th is  
b o u n d a ry  in d is t in c t .  F .  S. Co. no. 1 w ell,  776 fee t .  O p tica l 
m ic r o g ra p h ,  c r o s s e d  n ico ls .
F ig u re  4. C ore  sa m p le ,  th in - s e c t io n ,  A llen  D om e, T e x a s .  B laded ,
a u th ig en ic  b a r i t e  w hich h as  g row n in  an open f r a c t u r e  in 
c a lc i te  c em e n te d  m ud. Roxana P e t r o l .  C orp . Randon no. 2 
w e ll ,  4790 fee t .  O p tica l m ic ro g r a p h ,  c r o s s e d  n ic o ls .
F ig u re  5. C o re  sa m p le ,  th in - s e c t io n ,  A llen  D om e, T e x a s .  Bent and
f r a c t u r e d  a u th ig en ic  a n h y d r i te  c r y s t a l s  a c c o m p a n ie d  by s l igh t 
m y lo n iz a t io n .  T h ese  c r y s t a l s  show low in te r f e r e n c e  c o lo rs  
be tw een  c r o s s e d  n ic o ls .  F .  S. Co. no. 7 w e ll ,  920 fee t .
O p tica l m ic ro g ra p h ,  c r o s s e d  n ic o ls .
F ig u re  6. C o re  sa m p le ,  th in - s e c t io n ,  B ru in s b u ry  D om e, M is s i s s ip p i .  
A uth igen ic  d o lo m ite  r e p la c in g  the  f in e ly - c ry s ta l l in e  c a lc i te  
c em en t .  F . S. Co. H am m ett  no. 2 w e ll,  1285 fee t .  O ptica l 
m ic r o g ra p h ,  p lan e  p o la r iz e d  ligh t.
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D isso lu t io n  E x p e r im e n t
The so lu b i l i ty  of a n h y d r i te  is  d i f fe re n t  fo r  e ac h  of the  th r e e  c r y s t a l  
f a c e s ,  r e s u l t in g  in the  p e c u l ia r ,  but d iagn o tic ,  sh a p es  fo rm e d  d u r in g  
d is so lu t io n  of the  c r y s t a l s .  The s ta r t in g  m a t e r i a l  fo r  th is  e x p e r im e n t  
w as  ob ta ined  f r o m  the 0. 5 m m  f r a c t io n  of the  T a tu m  D om e, M is s i s s ip p i  
in so lu b le  r e s id u e ,  AEC w ell,  1510 fee t .  Scanning  e le c t ro n  m i c r o ­
g ra p h s .
F ig u re  1. C r y s ta l s  re m o v e d  a f t e r  t h r e e  days  of d is so lu t io n .
F ig u re  2. C r y s ta l s  re m o v e d  a f te r  se v en  day s  of d is so lu t io n .
F ig u r e s  3 and  4. C ry s ta l s  re m o v e d  a f t e r  10 day s  of d is so lu t io n .
S im i la r  f e a tu r e s  w e re  o b s e rv e d  up to the po in t w h e re  a i l  the  
a n h y d r i te  w as  d is so lv e d .
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P re c ip i ta t io n  E x p e r im e n t
C e r ta in  f e a tu r e s  have  been  d e te r m in e d  a s  being  d iagno tic  of p r e c i p i ­
ta tion . The m in e r a l  p r e c ip i t a te d  w as gy psum , but s im i l a r  f e a tu r e s
a r e  o b s e rv e d  in a n h y d r i te  c r y s t a l s .  Scanning e le c t r o n  m ic r o g ra p h s .
F ig u re  1. C r y s ta l s  w ith  p ro n o u n ce d  g row th  l in e s  in d ic a te  p re c ip i ta t io n .
F ig u re  2. D if fe re n t ia l  grow th  r a t e s  due to c ry s ta l lo g r a p h ic a l ly
c o n tro l le d  so lub ili ty  r e s u l t  in p la ty  type s t r u c tu r e s  w hich  a r e  
c h a r a c t e r i s t i c  of p re c ip i ta t io n .
F ig u re  3. N e e d le -s h a p e d  gy p su m  p ro t ru d in g  f ro m  m a s s iv e  gyp sum .
F ig u re  4. C a rb o n a te  c r y s t a l  p r e c ip i ta te d  due to the  p r e s e n c e  of CO^ 
d u r in g  the  e x p e r im e n t .
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VITA
C h a r le s  W i l l i a m  W alker, the  son of C h a r le s  W eir  W alker  and  
E v e ly n  Cadieux W a lk e r ,  w as b o rn  on A p r i l  17, 1940 in C hicago , I l l in o is .  
M r .  W a lk e r  m o v e d  to H ighland P a r k ,  I l l in o is  a t  the  ag e  of fou r and  
g r a d u a t e d  from. H ig h la n d  P a r k  High School in 1958.
M r .  W a lk e r  a t ten d ed  S o u the rn  I l l in o is  U n iv e rs i ty  f r  1962 to 
1966 a n d  r e c e i v e d  a B. A. d e g re e  in geo logy . In Ju n e , 1966, he  
m a r r i e d  Jean  A l i c e  Duffy, a ls o  f r o m  H igh land  P a r k ,  I l l in o is .  M r. 
W a lk e r  r e c e iv e d  a n  a s s i s t a n t s h ip  and  a t te n d e d  The U n iv e rs i ty  of 
M i s s i s s i p p i  in O x f o r d ,  w h e re  he w as a w a rd e d  the  M. S. d e g re e  in 1968. 
A f t e r  rece iv in g  t h i s  d e g re e ,  he  taught geo logy  a t the  U n iv e rs i ty  fo r  one 
s e m e s t e r .  Mr. a n d  M rs .  W alker b e c a m e  the p a r e n t s  of a  d a u g h te r ,  
C h r i s t i n e  Leigh , in  1967.
In 1968, M r .  W alker  began  w ork ing  to w a rd  the  D o c to r  of 
P h i lo s o p h y  d e g r e e  a t  L o u is ian a  S ta te  U n iv e rs i ty ,  B aton  Rouge. He 
w a s  a w a r d e d  , - e s e a r c h  a s s i s t a n t s h ip  in the  In s t i tu te  of Sa line  S tu d ies .
In 1 97 0 , M r .  W a lk e r  and  h is  fa m ily  m oved  to  S o c o r r o ,  New M exico  
w h e r e  h e  began w o r k  fo r  the New M exico  S ta te  B u re a u  of M in es  and  
M i n e r a l  R e s o u r c e s  a*  M in e ra lo g is t .
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